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Paper Electrophoretic Studies on the Diastatic Enzymes of Molds 


Part I. Electrophoretic Technique and the Behaviours of 
Diastatic Enzymes Observed on Papers. 


By Tadahiko Anpo and Yonosuke IkEepa* 
The Scientific Research Institute, Bunkyo-ku, Tokyo 


Received June 25, 1955 


A detailed procedure for the separation of diastatic enzymes of molds was establi- 
shed, which was based on their electrophoretic behaviours on a paper strip. For 
the detection of enzymes, a bioautographical method was newly devised. Comparing 
the enzymatic images appeared on the paper strip, the authors classified mold enzyme 


systems into five types. 


In Japan and other Asian countries, 
various kinds of molds such as Aspergillus, 
Penicillium, Rhizopus, and Mucor are known 
to be valuable converting agents for the 
preparation of foods and wines from 
grains and potatoes. Among numerous 
reports concerning the mold enzyme sys- 
tem, the following two reports are out- 
standing owing to their systematic studies. 
According to Kitahara), who investigated 
the diastatic enzyme systems of molds by 
using iodine color reaction and saccharify- 
ing activity against soluble starch as the 
assay methods, these molds might be 
classified into six types in respect to their 
enzymatic composition, in contrast to 
Okazaki’s view?) who classified the mold 
enzyme systems into five types by using 
different strains and another biometric 
technique. 

The experiments which are reported 
here and the following one were carried 
out with the same idea as those referred 
to above, but in a different way to 
elucidate the actual composition of mold 


% Present address ; The Institute of Applied Microbiology, 
University of Tokyo, Bunkyo-ku, Tokyo. 

-1) K. Kitahara M. Kurushima, J. Ferm Tech. Jaban 27 
1, 44, 182, 213, 254 (1949), 28 106, 388, 422 (1950). 

2) H. Okazaki, J. Agr. Chem. Soc. Japan, 24, 88 (1950). 


enzyme systems by making them visible 
on a filter paper. 


Methods 


Preparation of Enzyme Solution—The fol- 
lowing twelve kinds of mold were studied in this 
experiment, 

Aspergillus oryzae (0-8-1), Asp. sojae (0-13-8), 
Asp. glaucus (A-1-8), Asp. usami (1-1 R15- 
0635), Asp. niger (4-9-9), Asp. awamori (K— 
2 0913), Asp. inuz (6911), Rhizopus tonkinensis 
(R-6-4), Rh. javanicus, Rh. peka (IR-2-4), 
Penicillium  chrysogenum (Q-174), Mucor 
spinescens (Mu-3) 

The wheat-bran, inoculated with the mold and 
incubated at 30° for 4 days, was extracted for 
15-17 hours with 3 parts of distilled water in 
the presence of toluene. The enzyme fraction 
was precipitated from the filtrate by adding 
absolute alcohol to the final concentration of 7524. 
The precipitate thus obtained was washed with 
absolute alcohol and dried in a vacuum-desiccator. 


1, filter paper strip ; 2, buffer vessel ; 3 carbon electrode vessel ; 
4, 1M KCI-3% agar bridge; 5, cock; 6, carbon electrode ; 7, 
glass cover. 


Fig. 1. Apparatus employed for Electrophoretic 
Purpose. 


= MOM ss 


T. ANDO and Y. IKEDA fBull. Agr. Chem. Soc. 


spot 


+ 


© 


The finished paper strip 


printing 


(1) For the purpose of detecting 
saccharogenic amylase, starch 
agar plates suspended with S. 

UMMM, § genera mone eevee 

ee ee (2) For the purpose of detecting 
maltase, maltose agar plates 
suspended with S. precisus 


were employed. 


| 29 agar plate 


incubation for 2 hrs. at 30°C 


ae ee 


printed agar 
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Gaba oa ee ee LES 
| drying at 110°C 


incubation for 20 hrs. at 30°C 


| spraying with M/100 iodine 


the removed paper strip 


detection of the yeast solution 
growing spots 
(Bioautography ) | 
Fig. 2. Bioautographic Technique. detection of une colorless spouts 


(Iodine reaction method) 
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About 0.01ml. aliquot of the enzyme solution 
was used in the electrophoretic experiment. 
Electrophoresis—The apparatus employed in 
The buffer 
vessels and the carbon electrode vessels were 
connected by means of KCl-agar bridges to keep 
the paper clean from electrode products. By 
operating the apparatus at the potential gradient 
of 10 V per cm, satisfactory results were obtained. 
The strips of paper (Toyo filter paper No. 50), 
wetted with 0.05M phosphate buffer and blotted 
on a dry filter paper to remove any excess mois- 
ture, were assembled to the apparatus. When 
equilibrium reached after thirty. minutes, 0.01~ 
0.03 ml. aliquots of the sample were spotted on 


this experiment is shown in Fig. 1. 


the starting line of strips, and electromigration 
was carried out for five hours at room tempera- 
ture. 

Detection of the Enzyme Locus—Two methods 
were employed for this purpose. The first, rely- 
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ing on the iodine-starch reaction, served for the 


ae 


detection of dextrinogenic amylase* and the other, 
relying on bioautographic procedure and being 
devised by the authors, served for the detection 
of saccharogenic amylase* and maltase*. 

For the detection of saccharogenic amylase, the 
paper strip was placed on the surface of a thin 
layer of 292 starch agar plate (medium-D) in 
which the cells of Saccharomyces cerevisiae Rasse 
After two 


hours contact, the paper strip was removed. The 


Il had been previously suspended. 


agar plate thus printed was placed again in an 
incubator for twenty hours at 30°. (see Fig. 2) 
During this period, the enzymatic reaction pro- 
ceeded and the places corresponding to enzyme 
activities were made visible by the growth of 
yeast only on saccharified portions of the agar 


plate. On the whole, it was difficult for us to 


* Further definition of these amylases will be given in 
the following paper. 


Table I 


Constituent A 


Asparagine 
Peptone 


Beef ext. 
NH,H,PO, 
K,HPO, 


Composition of the Media tested for Bioautography. 


KH,PO, 


MgSO,7H,O 


NaCl 


Selection of Suitable Medium for the Detection of Saccharogenic Amylase. 


Medium Time none 
(hours) 
A 20 — 
B 20 - 
Cc 20 - 
D 20 — 
E 20 — 


Median , 
EE Ee EE a TE EE Te 
C D E 
0.25% 
0.5% % 
of 
JO 
Ol GS 
0.596 
0.3 % 0.2% 
0.5% 


Soluble starch (as in Table II.) and agar (2%) were supplemented to the individual medium named A~E. 


Table II 


Concentration of Soluble Starch 


1% 2% Remark 
aS is 
te ++ 
+ ++ 
Bis lag Be he os ft suitable 
Bie fe Seti lk de contamination 


The growth rate of Saccharomyces cerevisiae Rasse II on these agar’plate were recorded, using Taka-diastase as a 


converting agent. 
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Table III 
Selection of Suitable Test-organism for the Detection of Maltase. 


Test-organism 
Zygosacch. sp. No. 1 
Zygosacch. saké var K 
Torulopsis sp. No. 28 
Sacch. presisus 


Growth on the agar plate 


20 hrs. 40 hrs. 
+ +++ 
++ +++ 
+ ++ 

t++t+ 


detect saccharogenic amylases on a paper strip by 
the iodine-reaction, but this difficulty was easily 
overcome by the employment of bioautographic 
technique, the identification of enzymes beingg 
extremely simplified. The compositions of starch 
agar medium and other related media are shown 
in Tables I and II. 

For the detection of dextrinogenic amylase, the 
paper strip removed from the agar plate was dried 
at 110° for five minutes, and then sprayed with 
0.01 N iodine solution. The position of dextrino- 
genic amylase was indicated as a well-defined 
clear spot depending on the reaction product. 

For the detection of maltase, another bioauto- 
graphic technique was employed. In this case, 
maltose was added to the medium D instead of 
soluble starch, and Sacch. presisus was employed 
as test-organism in place of Sacch. cerevisiae 
Rasse II. As shown in Table III, Sacch. presisus 
proved to be the most suitable among these five 
strains tested, because it showed good growth on 
the medium only after the added maltose was 
converted to glucose by maltase. 


Results 
Electrophoretic Behaviors of Dextrino- 
genic Amylases—Electromigration was 
carried out at room temperature for five 
hours in 0.05 m phosphate buffer (pH 7.6) 
at the potential of 300 D.C. volts and at 
the current of 0.3m. amp/cm. Fig. 3 shows 
the colored zones of dextrinogenic amy- 
lases which appeared on paper strips 
treated with iodine solution. In contrast 
to the fact that the spots corresponding 
to the dextrinogenic amylases of Asp. 


oryzae (+41 mm), Asp. sojae (+41 mm), 


Medium D supplemented with maltose (2%) and agar (2%) was used in this experiment. 


_ Asp, glaucus (+40 mm), Asp. usamit (+39 


mm), Asp. awamori (+41 mm), Asp. inui 
(+40 mm), Rh. peka (+41 mm), M. spines- 
cens (+39mm), and Pen. chrysogenum 
(+41 mm) were detected on the anode 
side with or without tailing effect, those 
of Rh. tonkinensis (—18mm) and RA. 
jnvanicus (—18mm) were found on the 
cathode side. 
Electrophoretic Behaviors of Saccharo- 
genic Amylases—Electromigration was 
carried out in the same condition as 
mentioned above, and the bioautographic 
technique using Sacch. cerevisiae Resse II 
as the test-organism was employed in this 
experiment. As shown in Fig. 4, saccharo- 
genic amylases of Asp. oryzae and Asp. 
sojae moved towards the anode side 
(+12 mm and 12mm) although with lower 
mobilities than the dextrinogenic amylases 
of those molds. So far as Asp. usamii is 
concerned, three spots were detected on 
the anode side (+60mm, +37 mm, 
+24mm), among which two (+60mm 
and 24mm) were saccharogenic amylases 
without dextrinogenic activity and one 
(+37mm) was the mixture of the two en- 
zymes. One component each of the sacch- 
arogenic amylases of Asp. awamori and Asp. 
inut moved independently from their dex- 
trinogenic amylases towards the anode 
(+22mm). But the spots corresponding 
to saccharogenic amylases of Rh. tonkinensis 
(—40 mm), Rh. javanicus (—40 mm), Rh. 
peka (—12mm), M. spinescens (—14mm), 
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Fig. 4. Electrophoretic Behaviours of Saccharogenic Amylases (detected by bioautography). 


se PS) 


T. ANDO aud Y. IKEDA 


. oryzae 


. Sojae 


. glaucus 


Asp. usanir 


Asp. niger 


Asp. awamorr 
Asp. inui 

Rh. tonkinensis 
Rh. javanicus 


Rh. peka 


M. spinescens 


SEGHESGVVS 


Pen. chrysogenum 


Bags 


and Pen. chrysogenum (—11mm) were found 
on the cathode side. (see Fig. 4) 

Electrophoretic Behaviors of Maltases— 
The spots corresponding: to maltase of 
Asp. oryzae, Asp. sojae, and Asp. glaucus 
were found on the anode side considerably 
apart from the starting line.. On the con- 
trary, the maltase spots of the other 
strains were discovered on the cathode 
side (—12~—18 mm). (see Fig. 5) 

Effects of Heat-treatment on Enzyme 
Action—Following the description given 
by Okazaki, the enzyme solutions were 
treated at pH 2.5 and at 40° for thirty 
minutes. The results are summarized in 


Table IV. 


Discussion 


The data presented in this paper may 
be in favor of the following view, in 
which the mold enzyme systems were 
classified into five types from enzymologic 


[Bull. Agr. Chem. Soc. 


Electrophoretic Behaviours of Maltases (detected by bioautography). 


point of view. (see ‘Table IV) 

Asp. oryzae type—All of the detected 
‘amylases, e.g. dextrinogenic amylase 
(non-resistant against the heat-treatment), 
saccharogenic amylase (resistant), and 
maltase (resistant) showed the tendencies 
to move towards the anode when they 
were analysed electrophoretically. The 
enzyme systems of Asp. sojae and Asp. 
glaucus may be classified in this type. 

Asp. usamii type—Three spots of amylases 
were found on the anode side, among 
which two of them (+60 mm and +24mm) 
may be resistant sacchrogenic amylases, 
and the other one (+37mm) a less 
resistant dextrinogenic amylases. The 
maltase of this type of mold was definitely 
characterized by its migration towards 
the cathode. 

Asp. awamori type—The dextrinogenic 
amylase (resistant) and the saccharogenic 
amylase (resistant) migrated towards the 
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Table IV 
Classification of Molds by their Enzymatic Constitution. 


Comppsition of Enzyme System 
a ee TT TT ~~ 


Typical Strain 


(+) type, non-res., 
(+) type, res., 
(+) type, res., 


Asp. oryzae 


———_ 


Whe 
Sew 


oy a type, SAN 
: -. 2 +) type, poorly res. 
Asp. a Can Ea) type staee!, ? 
(4) (—) type, res., 
_ {(1) (4) type, poorly res., 
Asp. awamori 4(2) (+) type, res., 
(3) (—) type, res., 
(1) (—) type, non-res., 
Rh. tonkinensis (ia) (—) type, res., 
(3) (—) type, res., 
; 62) (+) type, non-res., 
M. spinescens (2) (—) type, non-res., 
(3) (—) type, non-res., 
(GE Moy pests. Racwersccbricete ses Hie aria a eae 
(GS) ty peEAen ere aah asin Se nase eas 
16K 6 nh AO CO OAC OO AN COO SOOT OUOOD OCR EO COM 
ECOsTiaietsteta}elaiatate/alel otsielavakvaene\dhele:«)-sinieisfoieis s)xket)s3etasb ais 
TANCE rte ic chore terns ia mati as eet tds 
SF Ha NS uid O ME CHES DIB CARS SIE NC Ie Mera 
IMIERR atc. detoeteeatay ee ee etan ct slic oh Meets ott ale 
IMoabilityeceractraacccrtetseictine’s case wisicje tials 
anode side, in contrast to maltase 


(resistant) which migrated towards the 
cathode side. The enzyme system of Asp. 
inui may belong to this type. 

Rh. tonkinensis—All of the three spots 
migrated towards the cathode side. The 
dextrinogenic amylase was non-resistant, 
but saccharogenic amylase and maltase 
were resistant against the treatment. Rh. 
javanicus may be one member of this type. 

M. spinescens type—The dextrinogenic 
amylase migrated towards the anode side. 
The saccharogenic amylase and maltase 
of this type appeared on the cathode 
side, not so far from the startng line. 
All of them were non-resistant. Rh. peka 
and Pen. chrysogenum may be of this type. 

It is very interesting that the classifica- 


Sno 


SPU MED gay enon 


Mobility Homologous 
(pH 7.6) Strains 
A. +2.9 Asp. oryzae 
AG +0.8 Asp. sojae 
F +0.6 Asp. glaucus 
A. +4.2 
A. +2.9 Asp. usamit 
A. +1.7 
—0.8 
A. +2.9 
A. +1.6 Asp. awamori 
; —1.4 Asp. inut 
A. a7? 
-1.3 Rh. tonkinensis 
A. —2.8 Rh. javanicus 
A. +2.8 M. spinescens 
A. 0.8 Rh. peka 
—1.3 Pen. chrysogenum 


migrated towards anode side 
migrated towards cathode side 


. non-resistant against the treatment 
. resistant against the treatment 

. dextrinogenic amylase 

. saccharogenic amylase 

. maltase 


cm/V. Sec. 


tion presented here shows very good 
agreement with those of Kitahara and 
Okazaki in spite of the fact that these 
three classifications were based on different 
methods. And the authors believe this 
work should be evaluated from the view 
point that the various kinds of diastatic 
enzyme of molds were successfully separat- 
ed and became visible on a filter paper. 
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Part II. 


Further Studies on the Properties of the 


Mold Diastatic Enzymes. 


By Tadahiko ANDO 
The Scientific Research Institute, Bunkyo-ku, Tokyo 


Received June 26, 1955 


The components of mold diastatic enzymes which were successfully separated from 
one another on a filter paper by the paper electrophoretic technique were extracted 
with water, and the resulting enzyme solutions were tested with starch and maltose as 


substrates. 


By determining the reaction products, the author attempted a specula- 


tion on the actual nature of each component enzyme. 


B In the preceding paper a new technique 
was described by which component of 
mold amylase was separated from one 
another and made visible on a filter 
paper. This paper is concerned with 
further studies carried out with the view 
to study the nature of each component 
of mold enzymes, and to classify them 
through the research on hydrolyzed or 
transformed products of starch and 
maltose. 


Methods 


The techniques employed for the preparation 
of enzyme solutions, electrophoretic migration 
and detection of enzymes were already given in 
the preceding paper. 

To investigate the nature of each enzyme, the 
finished paper was cut into several sections so 
that one section might possibly correspond to one 
enzyme, with some exceptions where two enzymes 
The diastatic 
enzymes contained in each section were eluted in 
test-tubes with Iml. of distilled water. The 
aqueous solutions eluted from the sections of the 


be contained in one section. 


paper strips were employed as enzyme solutions 
for testing their diastatic activities against starch 
and maltose. 

Starch Solution—High grade soluble starch, 


dispersed in boiling water and cooled to room 


temperature, was used as the substrate. 

Maltose Solution—To eliminate glucose and 
other impurities, reagent grade maltose was treated 
with active carbon and recrystallized. Paper 
chromatographic examination showed that the 
preparation was free from other reducing sugars. 

Digestion of Starch—Mixture of 2 ml. of the 
starch solution (2%) and 0.3ml. of the enzyme 
solution were placed in an incubator (30°), after 
adjusting the pH to 4.8~5.2 with 0.5 M phos- 
phate buffer. 

Digestion of Maltose—Mixtures of 2 ml. of the 
maltose solution (3%) and 0.3 ml. of the enzyme 
solution were kept in an incubator in the same 
manner as described above. 

Enzyme action was stopped after 15~20 hours 
by heating the digests at 100° for five minutes, 
and the resulting reducing sugars were examined 
by the paper chromatographic technique. 

Paper Chromatography—The paper chromato- 
graphic technique described by A. Jeanes et al") 
was used for the identification of reducing sugars. 
About 0.01 ml. aliquot was placed on a filter 
paper and developed with n-butanol-pyridine- 
water mixture (3:2:1.5 by volumes) by the 
multiple ascent technique. 

The finished chromatogram was sprayed with 
reagent (592), and 
heated at 100° for a few minutes. The areas 
corresponding to reducing sugars appeared in 


ammoniacal silver nitrate 


1) A. Jeanes, C.F. Wise and R.J. Dimler, Anal. Chem 
23, 415 (1951). 
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Spot-1 


© © 
Substrates 
——_—-- rrwnr———“ 
Starch Maltose 
Corresp. Iodine- Main Mai Treatment Possibly 
Sect. No. io : au t pH 
S at pH 2.5 Corresp. 
pots Reaction Products Products W0o, 30min Ainyes Lype 
Maltose (+) 
1(+34~40mm) 1 Yellow Isomaltose (+) None Non-resist. pies 
Other Oligos. (+) Amylase 
Glucose (++) 
_ 3 ; Maltose (+) : Sacch. 
2(+6~17mm) 283 Red Tecmaiiose (C2) Glucose (+ +) Resist. Amylase 8 
Pawose(+¢) Maltase 
Fig. 1. Digestion of Starch and Maltose by Asp. oryzae Amylases. 


brown-black on the paper. 


Results and Discussion 


The enzyme system of the following 
five species, representing five mold types 
described in the preceding paper, were 
examined in this experiment, 

Aspergillus oryzae (0-8-1), Asp. usamii 
(l-l), Asp. awamori (K-2 0913), Rhi- 
zopus tonkinensis (R-64), Mucor spine- 
scens (Mu-3). 

The data obtained are illustrated in 
Figs. 1~5. The nature of each enzyme 
was argued depending on the following 
definitions ; 

(1) Dextrinogenic amylase—An_ en- 
zyme responsible for the production of 
comparatively high molecular dextrins 
from starch, which develop yellow color 
with iodine and permit little or no growth 
of Saccharomyces cerevisiae Rasse I] when 
bioautographically tested (cf. preceding 
paper). No production of glucose from 
maltose. 

(2) Saccharogenic amylase—An_ en- 
zyme responsible for the production of 


comparatively low molecular sugars from 
starch, which develop red color with 
iodine and permit the growth of Sacch. 
cerevisiae Rasse II when bioautographically 
tested. This term, of course, includes the 
so-called glucogenic amylase. 

(3) Maltase—An enzyme responsible 
for the production of glucose from maltose 
and giving no degradation product from 
starch. 

(4) Transglucosidase—An enzyme re- 
sponsible for the production of isomaltose, 
panose and other oligosaccharides from 
maltose. 

Asp. oryzae—As shown in Fig. 1| the 
enzyme in sect.-l was able to convert 
starch into some oligosaccharides such as 
maltose, isomaltose, and others, an 
evidence indicating that spot-l might 
correspond to dextrinogenic amylase. 
Sect.-2 (including spots-2 and 3) pro- 
duced glucose, maltose, isomaltose, and 
panose from starch, and glucose from 
maltose. This section might correspond 
to saccharogenic amylase and maltase. 

Asp. usamiti—The results are presented 
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Sect.-3 Sect.-2 
Substrates 
————————— 
Starch Maltose 
‘ : : Treatment Possibly 
Corresp. Iodine- Main Main 
Se ENO: Spots Reaction Products Products 40°? Ba ae ees 
: : h. 
1(+54~66mm) 1 Violet Clee +) Glucose (++) Resist. Sa tea 
2(+28~42mm) 2 Yellow OLE CE +) Ghicose (Gear), Poorly-resist. Cree e 

3(+15~27mm) 3 Red Glucose (+++) Glucose (+ +) Resist. ee 
Glucose (+++++) Maltase & 

4(—5~18mm) 4 Blue None Isomaltose (+ +) Resist. Trans- 
Panose (+) glucosidase 
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in Fig. 2. Each extract of these three 
sections (sects.—1,2, and 3) produced glucose 
from starch as well as from maltose, al- 
though sect.-2 (corresponding to spot-—2) 


Spot-38 
+ 


Sect,-3 


Digestion of Starch and Maltose by Asp. usamiz Amylases. 


gave yellow color by iodine solution and 
seemed less-resistant against the treatment 
(pH 2.5, 40°, 30 minutes). Both spots—l 
and 3 might correspond to saccharogenic 
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Other Oligos. (++) 
2(+13~25mm) 2 Red Glucose(+++) Glucose (++) Resist. Sacch. 
Amylase 
Glucose (+++) Maltase & 
3(—10~21mm) 3 Blue Glucose (+) Isomaltose (+-) Resist. Trans- 
Panose (++) glucosidase 


Fig. 3. Digestion of Starch and Maltose by Asp. awamort Amylases. 
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amylases, and spot-2 might correspond 
to dextrinogenic amylase. As to the forth 
section, glucose, isomaltose and panose 
were produced from maltose, this spot 
therefore might have the activities of 
transglucosidase in addition to maltase. 

Asp. awamori—As seen in Fig. 3 by the 
addition of sect.-l1 extract, starch was 
converted to a series of low molecular 
weight sugars such as glucose, maltose 


sabe 8 Spor 2 ae 1 
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and other oligosaccharides, and maltose 
was converted to glucose, indicating the 
possibility that this spot might correspond 
to dextrinogenic amylase and maltase. 
Because sect.-2 produced only glucose 
from both starch and maltose, the cor- 
responding spot might be glucose-forming 
saccharogenic amylase. The maltase spot 
in sect.3 also showed  transglucosidic 
action, converting maltose into other oli- 


2g CN) «EET Vo 


es 


! ! 
! ! 
i ' | 
' t t 


Sect.-2 Sect.-1 
Substrates 
Starch Maltose 
ETE 
. . . Treatment Possibly 
Corresp. Iodine- Main Main é 
Sect. No. : ; . & at pH 2.5 Corresp. 
Spots Reaction Products Products 40°, 30min. Amylase Type 
Nop-resist. Dext. 
Byes ‘ Glucos : Spot-1 Amyl 
1(—12~27min) 182 Yellow Clan eae +) Glucose (++++) loop ) eS 
(Spot-2) Maltase 
: . : Glucos : ; : Sacch: 
2(—33~46mm) 3 Red Ae +) Glucose (+) Resist. Ae 


Fig. 4. 


Spot-g Spot-2 
4 


Digestion of Starch and Maltose by RA. tonkinensis Amylases. 


Spot-1 
+ 


2 aa Oo) ea Sala 


' 
| 
) 
‘ 


l 
t 
i 
' 


Sect«2 Sect.-1 
Substrates 
Se 
Starch Maltose 
FE 
: : . ‘Treatment Possibly 
Corresp. Lodine- Main Main : 
Sect. No Spots Reaction Products Products ee Few ce 
Maltose (+ +) ; ee 
1(+33~47mm) I Yellow  Isomaltose (+) None Non-resist. mace 
Panose (+-) 
; j Sacch. 
2(-10~23mm) 283 Red Glucose (+-) Glucose (++) Non-resist. Amylase 8 
Maltose 


Fig. 5. 


SM 


Digestion of Starch and Maltose By 


M. spinescens Amylases. 


T. ANDO 


gosaccharides such as isomaltose and 


panose. 

Rh. tonkinensis—The results are shown 
in Fig. 4. The spots-]1 and 2 were found 
at the adjacent position, but spot-1 being 
less-resistant against the heat-treatment. 
Therefore it may be said that the dextrino- 
genic amylase and maltase of this mold 
were found in separate spot. Sect.-3 
(spot-3) seemed to be glucose-forming 
saccharogenic amylase. 

M. Spinescens—As shown in Fig. 5 a 
series of sugars including maltose, iso- 
maltose, and panose were produced from 
starch by an aqueous extract of sect —l 
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(spot-l), showing the possibility of being 
dextrinogenic amylase. Sect.-2 (including 
spots-2 and 3) seemed to be a mixture 
of saccharogenic amylase and maltase, 
although further separation of these two 
spots was as yet unsuccessful. 
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Several strains of bacteria belonging to genus Aerobacter were found to oxidize D- 
glutamate rapidly, while they show feeble oxidative activity toward the L-form even 
when they were grown in the medium containing DL-glutamate. 

The isolation of L-glutamate, a natural amino acid, from its DL-form was achieved 
by the degradation of D-glutamic acid using one of these strains. 

This may be the first observation on a natural amino acid obtained from the 
racemic one by the metabolic action of the organism. 

A new enzyme, D-glutamic acid oxidase, which is responsible for D-glutamate 
degradation in this organism and differs from Krebs’ D-amino acid oxidase, has been 


postulated. 


Non-specific D-amino acid _ oxidase 
has been found in mammalian tissues!), 
fungi2), and bacteria. pv-Glutamic 
acid, however, is not or even slowly 
oxidized by these enzyme preparation. 
The specific p-asparatic acid oxidase 
found by Still et al.) was reported to act 
weakly on p-glutamic acid. Therefore, 
not much is known so far, on the meta- 
bolic behavior of p-glutamic acid. Dur- 
ing the search for the microorganism, 
which can grow on the medium contain- 
ing p-glutamic acid as a sole source of 
carbon and nitrogen, it is found that 
several isolated strains belonging to genus 
Aerobacter can metabolize p-glutamic acid 


1) H.A. Krebs: Z. Physiol. Chem., 217, 191 (1933). 

2) N.H. Horowitz: J. Boil. Chem., 154, 141 (1944). 

3) R.L. Emerson, M. Puziss, and S.G. Knight: Arch. 
Biochem., 25, 299 (1950). 

4) P.K. Stumpf and D.tE. Green: Federation Proc., 5, 
157 .(1946) . 

5) J.L. Still, H. V. Buell, W.E. Knox, and D. E. Green: 
J. Biol. Chem., 179, 831 (1949). 


more rapidly than the t-form even when 
the organisms are grown in DL-glutamic 
acid. It is possible to obtain L-glutamic 
acid from the pi-form by decomposing 
p-glutamic acid using one of these strains. 
Since pD-amino acid has been regarded 
as an unnatural form, it is a very inter- 
esting fact that the natural L-form amino 
acid is obtained from the pt-form by the 
metabolic action of microorganisms. 


Methods and Materials 


1. Substrates: D-, L-, and DL-Glutamic acid 
and a-ketoglutaric acid used in the following ex- 
periments were kindly supplied by Ajinomoto 
Co. Ltd. 

2. Preparation of the intact cells: 
isolated from soil according to the methods 
described in experimental were grown in the 
usual broth-agar and stocked in such a way. 
Resting cells were prepared by inoculating the 
bacterium in medium A which has the following 
composition, i.e., D-glutamic acid 1.07, K,HPO, 
0.2%, tap water, and the pH was adjusted to 


Bacteria 


3) 
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7.2. In some experiments medium B, containing 
1% of DL-glutamic acid in place of the D-form 
in medium A: was used. In every case, cells 
were grown aerobically on the shaking machine 
at 30°C. After incubation, the cells were 
harvested by centrifuging, washed twice with 
water or saline, and finally suspended in water. 
The weight of the cells in suspension was deter- 
mined by drying them at 110°C for several 
hours. 

3. Analytical methods: 
tivities of the resting cells towards various sub- 
stances were estimated manometrically in Warburg 
vessels at 30°C. -Glutamic acid was assayed 
by the manometric method according to E.F. 
Gale et al.®) using L-glutamic acid decarboxylase 
preparation from E. colz crooks strain. D-Gluta- 
mic acid was detected by paper partition chro- 
matography after the enzymatic degradation of 
the L-form by the decarboxylase. The detection 
of nonvolatile and keto acids were carried out by 


The oxidiative ac- 


paper chromatography and the quantitative esti- 
mation of a-ketoglutarate was made according 
to the methods of Friedemann and Haugen’). 


Experimental 


1. Isolation of the bacteria which can 
decompose D-glutamic acid. 


For the purpose of obtaining the organism 
which can metabolize D-glutamic acid, various 
samples such as soil or swage gathered from the 
district of Tokyo were put into the enrichment 
medium containing 0.5% of D-glutamic acid, 
0.2% of K,HPO, and tap water. 
of the enrichment medium was adjusted to pH 
7.2. After standing for 2 or 3 days at 30°C, 
the organisms grown in the medium were inocu- 
lated to the new enrichment medium and stored 
at 30°C for 2 or 3 days. 
strains of bacteria were isolated by the usual 
The rates of 
growth of these strains in the medium contain- 


The reaction 


Almost one hundred 
method from the above culture. 


ing D-glutamic acid was compared with those in 
the medium which contained L-glutamic acid as 


a sole source of carbon and nitrogen. The 


6) E.S. Taylor, E. F. Gale, Biochem J., 39, 52 .(1945). 
7) T.E. Friedemann and G.E. Haugen: J Biol.. Chem., 
147, 415 (1943). 
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majority of the isolated strain showed similar 
growth rate in either D-or L-glutamic acid medium 
or even grew better in the L-glutamate medium. 
Several strains, however, showed heavy growth 
in the D-glutamate medium while only feeble 
growth was observed in the L-glutamate one. 
Biochemical and morphological examinations of 
these extraordinary strains revealed that they be- 
longed to the genus Aerobacter. The following 
experiments were carried out using Aerobacter 
strain A, one of these strains. 


2. Oxidative activities of resting cells 
towards D-, L-, and DL-glutamic acids. 


a) Cells grown in D-glutamate 


Aerobacter strain A was grown aerobically in 
the medium A for 22 hrs. 
ties of resting cells towards D-, L-, and DL-gluta- 
mic acids were estimated manometrically. The 
rate of oxidation of D-glutamic acid was about 
twenty times greater than that of L-glutamic acid 
as shown in Fig. 1, and Table I. Since these 


The oxidative activi- 


organisms were grown in the D-glutamate medium, 


it may be considerded reasonable that they showed 


O2 uptake 


40 


20 
endogenous 


0 10 20 30 40 50 60 
Time in minutes 

Each vessel contained cell suspension 0.4ml. (1.2mg dry 
weight), M/15 phosphate buffer pH 7.2 1.0 ml., and 3.3nM of 
D-, L-glutamic acid 6.6m of DL-glutamic acid, 0.2ml. 0.2 
ml. of 20% KOH was placed in the center well. 

Incubation was carried out at 30°C in aerobic. condition. 

Fig. 1. Oxidation of Glutamic Acid by the 
Cells grown in D-Glutamic Acid. 
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Table I 
Oxidative Activities of Strain A toward 
Glutamic Acid. 


Substrate used D ee pi, 


Qo; 7h 3 79 


stronger oxidative activity towards D-glutamate 
than towards the L-form. 
6) Cells grown in DL-glutamate. 

Aerobacter strain A in the medium B, grew 
just as rapidly as in the medium A. It is inter- 
esting to examine the rate of oxidation of D-, L-, 
and DL-glutamic acids by the cells grown in DL- 
glutamate. 
typical results are presented in Fig. 2, and Fig. 
3, and Table II. 


was oxidized some ten times faster than the L- 


Experiments were carried out and the 


As it is shown, D-glutamate 


320 a 


O2 uptake 


endogenous 


0 10 20 30 40 50 60 
Time in minutes 


Each vessel contained cell suspension 0.5 ml. (4mg dry 
weight), M/15 phosphate buffer pH 7.2 1.0 ml., and 6.64.M 
of glutamate in a total volume of 1.7 ml.; 0.2 ml. of 20% KOH 
was placed in the center well. 


Fig. 2. Oxidation of Glutamic Acid by the Cells 
grown for 24 hrs. in DL-Glutamic Acid. 


form by the 24 hours culture, the activity, 
however, being decreased greatly in the cells ob- 
tained at 42 hours culture. [t must be mention- 
ed that no D-glutamate was found in the 42 hrs. 
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O2 uptake 


endogenous 


0 10842030) 405508 660s 70 merc” 
Time in, minutes 


Each vessel contained cell suspension 0.5ml. (2mg dry 
weight), M/15 phosphate buffer pH 7.2’,1.0ml., and 6.6¥™M 
of glutamate in a total volume of 1.7 ml.; 0.2 ml. of 20% 
KOH was placed in the center well. 


Fig. 3. Oxidation of Glutamic Acid by the 
Cells grown for 43 hrs. in DL-Glutamic Acid. 


Table IL 
Oxidative Activity of Strain A toward Glutamate. 


Substrate used 


Qo, D L DL 
24 hr 171 15 101 


incubation medium. 
c) Cells grown in broth with or without DL-glu- 
tamate. 

The growth rate of the bacterium was remarka- 
bly higher in the usual broth than in mediums 
A and B. The metabolic activities towards D, L- 
and DL-glutamic acids by the cells grown in broth 
with or without DL-glutamic acid were examined. 
Appreciable activity toward the D-glutamic acid 
can not be detected in the cells grown in the 
broth medium and the activity of the cells grown 
in broth with 0.5% DL-glutamate toward D-glu- 
tamic acid was as weak as that toward the L- 
form. The results are presented in Table III. 
d) Cells grown in DL-glutamate medium added 

with yeast extracts. 

The addition of 12 of yeast extracts to medium 
B favors the growth of the organism greatly. The 
rate of oxidation by these cells were examined 
and it was found that the addition of 1% of 
yeast extracts resulted no decrease in the oxida- 
tive activity of D-glutamate, as shown in Table 


OD 
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Table III 


i Substrate used . D-glutamic F 
Medium acid 
Broth 2 
Broth+ 0.5% 31 


DL-glutamate 


Oxidative Activities by the Cells grown in Broth with or without DL-Glutamate. 


L-glutamate DL-glutamate 
3 3 


28 59 


Each vessel contained cell suspension 0.5 ml. (2-5 mg dry weight), M/15 phosphate buffer pH 7.2 1.0-1.5ml., 


and 6.6¥M of DL-glutamate 3.3M of D-or L-glutamate in a total volume of 1.7-2.2 ml.; 0.2 ml. of 20% KOH was 


placed in the center well. 


Table IV 
Oxidative Activities by the Cells grown in DL-Glutamate with Yeast Extract. 


Substrate used _ D-glutamate 
Qo, 147 


L-glutamate DL-glutamate 
15 97 


Each vessel contained cell suspension 0.5 ml. (2 mg dry weight), M/15 phosphate buffer pH 7.2 1.0 ml. and 6.64M 
of glutamate in a total volume of 1.7 ml.; 0.2 ml. of 20% KOH was placed in the center well. 


IV. From the preceeding experiments, it is clear 
that the activity of D-glutamate oxidation occurs 
only in the cells grown in the medium containing 
D-glutamate. The experiments showed that the 
addition of L-glutamate to the medium has little 
influence on the activity of D-glutamate oxidation. 
It is probable, therefore, that the enzyme respon- 
sible for the oxidation of D-glutamate is adaptive 
It was also found that the cells of 
Aerobacter aerogenes ATCC 9621 grown in the 
same conditions, oxidized D-glutamic acid about 
twice as fast as L-glutamic acid. 

e) Adaptation of resting cells to D-glutamate. 

In order to clarify the mechanism of adaptation 
to D-glutamate more precisely, it is preferable to 
adapt the resting cells to D-glutamate. As stated 
previously, the cells grown in the usual broth 
can not oxidize D-glutamate. 


in nature. 


The oxidative ac- 
tivity towards D-glutamate could not be increased 
appreciably even when the cells were incubated 
aerobically with D-glutamic acid as long as 3 


hours. Furthermore, the cells grown in the broth 
containing D-glutamic acid and which afterwards 
decreased their activity toward D-glutamate, were 
found incapable of restoring the activity to D- 
No. indication, there- 
fore, is available for the adaptation of resting 
cells to D-glutamic acid. 


glutamate within an hour. 


3. Oxidative activities towards other 
amino acids. 


Since it is possible assumed that the oxidation 
of D-glutamic acid might be catalyzed by a non- 
specific D-amino acid oxidase, the oxidative ac- 
tivities of the resting cells towards various amino 
acids must be examined. It was revealed in an 
earlier experiment, that strain A could grow 
neither in a medium containing DL-methionine, 
DL-valine, nor DL-isoleucine as a sole source of 
carbon and nitrogen. The organism, however, 
showed sluggish growth in DL-aspartic acid. The 
cells grown in DL-glutamate could hardly oxidize 


Table V 
Oxidative Activities towards other Amino Acids by the Cells grown in DL-Glutamate. 


Substrate used D-glutamate 


Qo, 101 


DL-aspartic acid DL-methionine 
19 6 


Each vessel contained cell suspension 0.4ml. (2mg dry weight), M/15 phosphate buffer pH 7.2 1.0 ml., 10m 
of D-glutamate, 20M of DL-aspartate and DL-methionine respectively in a total volume of 2.0 ml. of 20% KOH 


was placed in the center well. 
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DL-methionine, while they oxidized DL-aspartic 
acid but in a rate lower than D-glutamic acid. 
The results are given in Table V. It had been 
shown by Krebs et al. that non-specific D-amino 
acid oxidase decomposes DL-methionine rapidly, 
but can scarcely oxidize DL-glutamic acid. From 
these considerations, the results obtained by the 
authors may indicate the presence of a new  en- 
zyme—a specific D-glutamic acid oxidase. There 
remains, however, some objection for the above 
conclusion, because it is also possible that D- 
methionine will penetrate the cell-wall less easily. 


4. Analysis of the incubation medium. 


a) D-glutamic acid as a substrate. 

When the organism was grown in medium A 
considerable 
amount of L-glutamic acid is formed in the in- 


which contained D-glutamate, a 
cubation medium. In a typical experiment, when 
the duration of incubatian was 45 hrs., 0.72mM 
of L-glutamic acid corresponding to about 1124 
This find- 
ing may be explained either by the glutamic 


of the added D-glutamate was found. 


racemase or the synthesis of L-glutamic acid 
from the D-form. The latter hypothesis seems to 
be probable, but this will be discussed later. 

b) DL-glutamic acid as a substrate. 

As predicted from the manometric data, D- 
glutamic acid in the medium B decreased rapidly, 
while L-glutamic acid did not. Therefore, it is 
possible to obtain L-glutamate from the DL-form 
through decomposition of D-glutamate by the 
bacterium. Three hundered ml. of medium B 
was inoculated with the organism, and incubated 
aerobically for 43hrs. at 34°C. After incubation, 
the cells were removed by centrifugation. The 
L-glutamate estimated in the supernatant solution 
was 9.7mM which was almost identical with 
the initial amount of L-glutamic acid (10.5mM). 
No D-glutamic acid could be detected. The solu- 
tion was concentrated in vacuum and lg. of 
crude crystals of L-glutamic acid was obtained. 
This was recrystallized three times from water 
and alcohol and 700 mg, (4.8mM) of pure L- 
glutamic acid, which gave the following analytical 
values, was obtained. 

mp. 206-207°C, 
total N. 9.53%, 
[a] R= +31.2+0.4. 
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Since the organism has some activity toward the 
L-glutamate, it also slowly decreases if the incu- 
bation is continued after disappearance of the 
D-form from the medium. Noteworthy is the fact 
that in some experiments, a larger amount of L- 
glutamate than the amount initially added was 
detected in the metabolized medium, where little 
or no D-form could be found. 

c) Decomposition products of DL-glutamic acid 

other than L-glutamic acid. 

About 2 molecules of oxygen were taken up 
per each molecule of D-glutamic acid consumed 
by the organism. If the assumption that the 
oxidation of the D-glutamic acid primarily gives 
rise to a-ketoglutarate and further oxidation of 
a-ketoglutarate is followed via the Krebs’ citric 


_acid cycle is possible, the oxidation must proceed 


This view, however, is 
not supported because a very small amount of 
pyruvate as a decomposition product of D-gluta- 


to the pyruvate stage. 


mate is found. Since it is well known that the 
substrate oxidized is to some extent assimilated 
to the cell material, it will be impossible to deter- 
mine the mechanism of D-glutamate oxidation 
from the amounts of oxygen consumed. In order 
to make the oxidative pathway of D-glutamate 
degradation clear, further researches for the in- 
termediates of D-glutamate oxidation were carried 
out. Strain A was grown in 100ml. of medium 
B by the stationary culture for 10 days at 30°C. 
The 


remove the cells. 


metabolized medium was centrifuged to 
The supernatant solution was 
acidified and continuously extracted with ether. 
Non-volatile organic and keto acids extracted 
with ether were assayed by paper partition 
chromatography. A well defined spot of pyruvic 
acid was found and further, two spots of non- 
volatile organic acids were also found, one cor- 
responding to succinic acid and the other to 
pyrollidone-carbonic acids. The latter compoud 
does not seem to be the enzymatic products from 
DL-glutamic acid because it is formed from the 
glutamate by mere heating and acidification. 
Probably, it might be formed during the ether 
extraction procedure. A postulated intermediate 
for the oxidiation of D-glutamate is a-ketoglutarate. 
Since it is well known that arsenite inhibits the 
oxidation of a-ketoglutarate, the effect of arsenite 
on the oxidation of D-glutamate by the strain A 
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Table VI 


Substrate used D-glutamate 


Qo, 101 
Inhibition 
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D-glutamate D-glutamate 
+10"? M +5x10- M 
Arsenite Arsenite 

S 36 
91% 65% 


Each vessel contained cell suspension 0.4 ml. (0.8 mg dry weight) M/15 phosphate buffer pH 7.2 1.0 ml, and 


10 ym of D-glutamate in a total volume of 2.0ml. of 20% KOH was placed in the center well. 


was examined. Arsenite in the concentration of 
10-3 M biocked the oxidation of D-glutamate al- 
most completely, but when the concentration was 
decreased to 5 X1074M, the inhibition of D-glu- 
tamate oxidation also decreased to 65%, as shown 
in Table VI. In these concentrations of arsenite, 
a-ketoglutarate oxidation by the bacterium was 
If the a-ketogluta- 
rate oxidase system was more sensitive to arsenite 


almost completely inhibited. 


than the D-glutamic acid oxidase system accumu- 
lation of a-ketoglutarate in the presence of arsenite 
might be expected. ‘This experiment was carried 
out, and it was found to be the case. 

Strain A was inoculated to the 100ml. of 
medium B containing M/20900 arsenite. Incuba- 
tion was done at 30°C for 45 hrs. After incuba- 
tion the medium was centrifuged and the super- 
natant solution was treated with 2,4-dinitro- 
phenylhydrazine HCl solution. The yellowish 
precipitate formed was filtered off, and it was 
purified according to the method of Krebs. 
About 20mg. of pure crystal were obtaind, which 
decomposed at 216-217°C, and gave a well de- 
fined spot corresponding to a-ketoglutarate hy- 
drazone by paper 
Since no D-glutamate was detected in the medium 


partition chromatography. 


and remained almost the theoretical amount of 
L-glutamate there, it may be concluded that a- 
ketoglutarate is the primary degradation product 
of the D-glutamate. 


Discussion 

The strong oxidative activity of strain 
A toward p-glutamic acid is produced 
when the strain was cultured aerobically 
in the medium containing b- or DL-glu- 
tamic acid, and decreased rapidly as soon 
as D-glutamic acid was consumed : where- 
as the cells grown in broth could hardly 


oxidze p-glutamic acid. These results 
may indicate that p-glutamic acid oxidase 
system involved an induced enzyme. 
Enzymatic adaptation to p-glutamate of 
the resting cells grown in the broth were 
carried out unsuccessfully. Probably, 
some unknown conditions for the adapta- 
tion must be required. 

The metabolic pathway of the amino 
acid oxidation has been pursued in vari- 
ous laboratories, and it can be considered 
that the following four enzyme systems 
are known for the metabolism of amino 
acid; amino acid oxidase, transaminase, 
racemase, and decarboxylase. From con- 
sideration of these the following hypo- 
thesis for the primary degradation of 
p-glutamate in strain A are _ possible. 
First, D-glutamate is oxidazed by either a 
specific or a non-specific oxidase to form 
a-ketoglutarate and ammonia. Second, 
the amino group of the p-glutamate is 
transfered to an other keto acid to form 
a new amino acid and a-ketoglutarate. 
The third hypothesis is that the p-gluta- 
mate is racemized by the glutamic 
racemase to form pL-glutamate, and L- 
glutamic acid is oxidized by the well 
known .-glutamic acid dehydrogenase. 
The last possibility is that p-glutamate 
is metabolized through any other route 
than via a-ketoglutarate, as for example 
through the decarboxylation by p-gluta- 
mic acid decarboxylase. In the experi- 
mental process an appreciable amount of 
the L-glutamate is found to be formed 
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by the metabolism on p-glutamic acid. 
This may provide evidence for the oc- 
currence of either racemase, transaminase, 
or the asymetric synthesis of the t-form 
from the p-glutamate. As it has been 
shown in the Experiment 4, larger amounts 
of t-glutamate than p-glutamate remain 
in the incubation medium. Since it was 
shown by many workers that amino acid 
recemase can act on both p-and L-amino 
acid, the third hypothesis may be excluded. 
The last possibility must be also excluded 
because carbon dioxide is not remarkably 
evolved in the anaerobic decomposition 
of the p-glutamate. The first hypothesis 
therefore seems to be most probable as 
the main oxidiative pathway for the 
break down of p-glutamic acid, because 
a-ketoglutarate is formed as a decomposi- 
tion product of p-glutamate in the pres- 
ence of arsenite. The fact that the p-glu- 
tamate is most rapidly oxidized by the 
cells grown in the pi-glutamate strongly 
supports this view. Hence, the question 
“whether the oxidase responsible for pD- 
glutamate degradation is specific or not?” 
may arise. As it was shown in Experi- 
ment 3, p-methionine, one of the suitable 
substrates for nonspecific pD-amino acid 
oxidase, was proved to be scarcely oxidiz- 
ed by the resting cells. Furthermore, the 
only p-amino acids which are oxidized 
at detectable rates by the organism were 
p-glutamic and p-aspartic acid. These 
amino acids have been proved to be 
slowly oxidized by nonspecific D-amino 
acid oxidase. Since specific pD-aspartic 
acid oxidase was reported by Still, and 
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crude D-aspartic acid oxidase was found 
to act slowly on p-glutamate, it is possi- 
ble to assume that the p-aspartic acid 
oxidase plays an important role in the 
metabolism on p-glutamate. The rate of 
oxidiation of D-aspartate in this organism, 
however, is so small as compared with 
that of p-glutamate. These observations 
strongly suggest the occurrence of specific 
p-glutamic acid oxidase. Recently, specific 
p-glutamic acid oxidase is also found in 
fungi by the authors. The crude enzyme 
preparation extracted from the fungus 
mycelium is found, to act on D-aspartic 
acid. The nature of the specific p-glu- 
tamic acid oxidase of fungi will be re- 
ported in the near future. 


The authors are indibted to Ajinomoto 
Co. Ltd. for analysis and supplying the 
necessary samples in this study. 


Summary 


Oxidatie metabolism of pD-glutamate 
by microorganism was investigated. It 
was found that several isolated strains of 
bacteria belonging to the genus Aerobacter 
could) metabolize op-glutamate more 
rapidly than the t-form even when they 
were grown in the piL-glutamate medium. 
Pure t-glutamic acid could be successful- 
ly obtained from the pi-form by decom- 
posing p-glutamic acid using one of these 
strains. From several experimental results, 
the occurrence of a _ specific oxidase 
responsible for the oxidation of p-glutamic 
acid was suggested. 
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The cultural conditions of Chlorella ellipsoidea were studied with special reference 
It was ascertained that there is a close relation between the 
Cultivation with the nitrogen-free 


to lipide accumulation. 
lipide content and the nitrogen content of cells. 
medium was applied to produce nitrogen deficient cells, and in this culture were 
studied the effects of light intensity, algal density and depth of algel suspension upon 
lipide accumulation. The annual yield of fat by mass-culture was roughly estimated. 


The first investigation on the produc- 
tion of fat by the cultivation of unicel- 
lular algae was made in Germany during 
the last War, using diatom as the test 
organism. After the War, Spoehr and 
Milner) found that Chlorella pyrenoidosa 
accumulates considerable amounts of fat 
in its body grown in the nitrogen deficient 
medium. At that time Chlorella was 
attracting world-wide attention as a new 
source of protein, and consequently it 
was also noticed as a fat producer and 
some discussions were made?-3), 

Fogg and Collyer! examined the 
characteristics of several species of green 
algae, and blue-green algae, including 
Ch. vulgaris, with reference to the ac- 
cumulation of fat, and demonstrated that 
Ch. pyrenoidosa has overwhelming ability 
to accumulate fat, compared with all 
the other algae examined. The authors 
also examined Ch. ellipsoidea and _ ob- 
tained almost the same results as Ch. 
pyrenoidosa. And then some quantitative 


1) H.A. Spoehr and H.W. Milner, Plant Rhysiol., 24, 
120 (1949). 


2) F. Gummert, Fette u. Seifen, 52, 453 (1950). 

3) H.W. Milner, J. Am. Oil Chem. Soc., 28, 363 (1951). 

4) G.E. Fogg and D.M. Collyer, ‘‘ Algal Culture’, Car- 
negie Inst. Washington Pub. 1953, Chap. 12, p. 177. 


investigations on the fat accumulation of 
Ch. ellipsoidea were pursued, while no 
quantitative investigation concerning the 
relation between the degree of fat ac- 
cumulation and the light intensity or other 
environmental conditions had ever been 
made. 


Experimental methods 


The culture apparatus is shown in Fig. 1. The 
culture flask was a flat bottle of 3 cm thickness 
and of 700ml. capacity, which was originally 
used by Tamiya et al). The culture bottle was 
immersed in a glass water bath to be maintained 
at 25°C, and was illuminated with a 300 W or 
500 W flood lump on one side from the outside 
of the water bath. The light intensity was re- 
gulated by changing the voltage or the distance 
between the lump and the bottle. The illuminated 
area per 500 ml. 
170 cm. In the initial stage of the experiments, 


medium in the bottle was 
four fluorescent lumps (white) per one side of 
the bottle were used instead of a flood lump. 

Five to four percent CO, rich air was used in 
aeration and the aeration rate was 500ml. per 
500 ml. medium per minute. 


The composition of the basal medium was as 
follows : 


KINO ssn dd Seoemesesteeeeoteteee 0.025 mol/1 
IM GES OGVAREOL ISILON scsosccasnon 0.01mol/1 
5) H. Tamiya, et al, ib/d, Chap. 16, p. 204. 
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fea Air in 


Fig. 1. 


Culture Apparatus. 


Micro-elements* 

He teens HON pms Anerese- 4 ppm; Mn, 
Mio™..c... 0.8 ppm; Cu, Co ...... 0.2 ppm 

Ethylenediamine tetraacetic acid ...... 0.1¢/1 


When the nitrogen-free medium was used, the 
nitrogen source was just omitted from the basal 
medium. 

Algal concentration was measured by the dry 
weight of algae in 10 ml. of algal suspension, dry- 
ing for 24 hrs. at 100°C after centrifuging and 
washing twice by distilled water. 

Semi-micro Kieldahl method was 
nitrogen determination, and Haskin’s method?) 
was applied to chlorophyll determination. Crude 
fat was determined by ether extraction. Using 
algal cells kept in a vacuum desiccator after dried 
on a tonplate, ether-extraction was carried out 
several times, inserting the process of grinding 
the algal cells in a mortar with emery-powder. 
This procedure is necessary for complete extrac- 


used for 


tion. 
Results and Discussions 
Milner?) once obtained Chlorella cells 


* The following compounds were used: FeSO:-7H2O, 
H3BO3, ZnSO1:4H2O0 MnSO4-H20, NazMoQ4-2H20, 
CuSO4-5H20, CoSO4-:7H20. 

6) H.H. Haskin, J. Biol. Ghem., 144, 149 (1942). 

7) H.W. Milner, J. Biol. Chem., 176, 813 (1948). 


Fat Synthesis in Unicellular Algae. 


which contained lipides in 20-85% of dry 
matter. In this case, in order to obtain 
the Chlorella cells containing lipides in 
75.5% of dry matter, he used a culture 
medium of low nitrogen concentration 
(N: 0.0025 mol/l, equivalent to the algal 
density 0.5 g/l, containing the total nitro- 
gen in 7% of dry matter), and cultivated 
in Fernbach flasks, illuminating them 
from the bottom with 200 W tungsten 
lumps, for 75 days. The final algal con- 
centration was reported to be 2.5¢/] and 
the total nitrogen of the cells was 1.23%. 
The normal Chlorella cells which can be 
obtained by culturing in a medium con- 
taining sufficient nitrogen source, contain 
total nitrogen in 7-8% of dry matter. 
So it is clear that the cells of high lipide 
content are of low nitrogen content com- 
pared with the normal cells. 

The authors also tried to obtain nitro- 
gen deficient cells by culturing in the 
media of diverse degrees of nitrogen 
deficiency, starting cultivation with a 
very small inoculum size. The result is 
shown in Table I. From this result, it 
is quite conceivable that Chlorella can 
grown in a_ completely-nitrogen-free 
medium and accumulates lipide during 
the growth. And it is also quite possible 
that the initial algal concentration, the 
depth of the medium and the light in- 
tensity will have influence on the final 
degree of nitrogen deficiency of the cells. 
Milner}) reported that he had never ob- 
tained Chlorella cells of lipide content 
higher than 30% when residual nitrogen 
in the medium was more than 0.001 mol/I. 
the authors pursued the following experi- 
ments, having cultivated in a nitrogen- 
free medium with the inoculum of wash- 
ed normal cells which had been cultivated 
in advance in the basal medium. As the 
result, it is quite clear that Chlorella can 


—) 241 — 


H. IWAMOTO, G. YONEKAWA and T. ASAI 


(Bull. Agr. Chem. Soc. 


Table f 


Effect of the Nitrogen Source Concentration on Lipide Accumulation. 


No. 
A) KNO, (mol/l) 


B) Maximum density to be reached by 
normal cells* (corresponding to A) 


C) Inoculum size (x B) 
D) Final density 

E) Culture length (Days) 
F) D/B 

G) Lipide 2 


* Contain 7% total nitrogen. 
Light intensity : 


grow and multiplicate remarkably, even 
in a completely nitrogen-free medium. 

The difference of the final algal con- 
centration, consequently that of the degree 
of nitrogen deficiency reached, correspond- 
ing to the different initial algal concen- 
trations, is shown in Table II. The light 
intensity and the depth of culture are 
fixed in this experiment. 

In culture No. 1, starting with the 
initial algal concentration of 4.58 g/l, the 
final algal concentration reached in ten 
days was only twice as high as the 
initial one, while in culture No. 7, start- 
ing with the initial concentration of one 
sixtyfourth of that of No. 1, namely 
0.07 g/l, the final concentration reached 
after only four days was 11.4 times as 
high as the initial one. In the latter case, 
the lipide content was 84.5%. When 
culture No. 1, which had already reached 
maximum growth, was diluted with fresh 
nitrogen-free medium to one eighth and 
cultivation was continued, the growth 
curve after dilution showed quite a 
similar curve as culture No. 4 whose 
inoculum size was one eighth of No. 1, 
and the final concentration was 2.92 g/l, 
almost the same value as that of No. 4, 
2.68 g/l. 


This phenomenon is to be explained 


1 2 3 
0.01 0.0025 0.00025 
2.0 g/l 0.5 0.05 
1/50 y ” 

6.98 g/1 323) 0.39 

15 10 6 

3.49 6.70 7.90 
79.0 — 


4000 lux on both sides of the flask. . 


by the fact that the amount of light 
energy absorbed by each cell in unit time 
is larger after dilution than that before 
dilution. It was ascertained that>. 8.9, in 
the case of normal cells, the total increase 
of mass by photosynthesis per unit area 
is constant irrespective of the depth of 
culture and the algal concentration, if the 
incident light intensity is fixed and the 
light is completely absorbed by the 
suspension. Whereas if the light intensity 
is too weak, or if the algal density is too 
thick, it may happen that the net increase 
of mass does not correspond to the in- 
cident light energy, as the decrease of 
mass due to respiration becomes competi- 
tive to the increase due to photosynthesis?. 

The same phenomenon appears to oc- 
cur in a greater extent in the case of 
nitrogen deficient cells, even when the 
light intensity is not so weak and the 
total algal mass per unit area is not so 
large. Considering the fact that further 
growth can be brought about by dilution 
even when the culture has_ reached 
maximum growth and does not show any 
more growth owing to the equilibrium 
descrived above, it seems that light energy 


8) Y. Fujimoto, H. Iwamoto, A. Kato and K. Yamada 
This Bulletin, in print. 

9) J. Myers, ‘‘ Algal Culture’’, Carnegie Inst. Washing- 
ton Pub. 1953 Chap. 4, p. 37. 
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Table II 
Effect of the Initial Concentration of Algae on Nitrogen-free Growth. 
A B Cc D E F 
No. Initial conc. Final conc. Culture B/A Total N Lipide 
g/I g/l length (Day) % % 
1 4.58 9.2] 10 2.0 4.08 34.2 
2 229) 6.40 9 2.8 2.91 50.6 
3 1.14 4.19 8 oral, 220 56.4 
4 0.57 2.68 7 4.7 1.74 — 
5 0.28 1.58 6 BIN: 1.46 74.0 
6 0.14 iho? JI 5) Yell 0.95 = 
Zh 0.80 4 11.4 ea 


0.07 


Light intensity : 4000 lux on both sides of the flask. 


efficiency is very low in a nitrogen defi- 
cient cell compared with a normal cell. 
It was also mentioned by Milner3) that 


a stronger light is required to obtained ~ 


nitrogen deficient cells, while normal cells 
are able to grow even in a weak light. 
In the case of culture No. 7, no further 
growth after dilution was observed. And 
so, it is believed that No. 7 had already 
reached the highest nitrogen deficiency 
which allowed no further growth. In 
this case the total nitrogen of the cells 
was 0.72%, in other words, the crude 


protein content was as small as 4.5%. experiments showed, on the contrary, 
Table II 
Effect of the Depth of Culture on Nitrogen-free Growth. 
A Bm C D E 
No. Initical conc. Final conc. Depth. Culture length. 
: B/A 
g/l g/l cm day 
I 0.52 say 3.0 ial 32D 
2 Osa 2.68 ihalss 7 4.7 
Light intensity: 4000 lux on one side of the flask. 
Table IV 
Effect of the Light Intensity on Nitrogen-free Growth. (I) 
Incident light. Initial conc. . Final cone. Culture Total N. Lipide. 
No Kilolux g/l zl length. day 2% 26 
1 5 1.0 4.90* 18 — 
D, 10 1.0 5.05 18 1.56 (N36 7/ 
3 30 1.0 4.27 18 1.81 55.0 
4 50 1.0 ae Ne) 18 AD, 50.6 


It is also conceivable that, if the depth 
of culture is varied, the final algal con- 
centration will differ, even though both 
the initial concentration and the light 
intensity are not varied. This is true as 
indicated in Table III, the deeper culture 
showing the lower final concentration. 

Further, it is quite reasonable to think 
that, if both the final concentration and 
the depth of culture are the same, the 
stronger the light intensity, the greater 
the growth rate is and the higher the final 
concentration would be reached. But the 


* not maximum concentration. 
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Table V 
Effect of the Light Intencity on Nitrogen-free Growth. (Hf) 
Incident light. Initial conc. Final conc. Culture Total N. Lipide. 
NOE kilolux g/l g/l length. day % % 
1 10 ozs 6.00” 10 Deore Die 
1.75 OL 10 2.49 Hilo) 


2 50 


* not maximum concentrations. 


that not the stronger light but the weaker 
light results in the higher final concentra- 
tion. It is seen, however, that the culture in 
the stronger light grows faster in the very 
initial stage than that in the weaker light. 
Tables IV and V, and Fig. 2 and 3 show 
these results. 

As is seen in Fig. 3, the curves repre- 
senting the potentiality in growth of the 
whole culture at. every moment during 
cultivation, corresponding to the light 
intensities, 10 and 50 kilolux, intersect at 


10 Kilolux 


50 Kilolux 


10 Kilolux 


% 5 Kilolux 
30 Kilolux 
4 50 Kilolux 
3 
2 
1 
5 10 15 
Days T 
Fig. 2. Growth Curves in the Nitrogen De- 


ficient Medium at Various Light Intensities. 
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Fig. 3. Degradation of Photosynthetic Capacity 


of Nitrogen-free Culture. 


the point of about 60% nitrogen deficiency. 
And the final concentration reached at 
10 kilolux is higher than that at 50 kilolux 
as shown in Fig. 2 (upper curves). This 
is indicated more clearly by the lower 
curves which give a comparison of the 
light intensities 5, 10, 30 and 50 kilolux. 

These results can be explained by the 
difference in the degree of chlorosis which 
occurs along with the progress of nitro- 
gen deficiency of cells corresponding to 
the difference in the light intensity. The 
chlorophyll content of Chlorella cells 
grown in a nitrogen rich medium and in 
an algal suspension of very low algal 
density, is much smaller in the case of 
the light intensity higher than 5-10 kilo- 
lux than in the case of the lower light 
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intensity!0, This phenomenon, however, 
is not observed in a very dense culture. 
But in the case of nitrogen deficient 
cells, it is seen, even in a very dense cul- 
ture. In Fig. 4, is shown the correlation 
between the degree of chlorosis and the 
degree of nitrogen deficiency during the 
growth at two light intensities, 10 and 50 
kilolux, in the nitrogen free culture, hav- 
ing started with the algal density of 2 g/l. 
B represents 10 kilolux and C 50 kilolux. 
Supposed that chlorophyll is neither newly 
synthesized nor decomposed during the 
nitrogen-free growth, the curve is to be 
A. From Fig. 4 it is quite clear that the 
degree of chlorosis is much larger at 
50 kilolux than at 10 kilolux and this 
difference grows larger with the progress 
of nitrogen deficiency. This is considered 
to be the reason why photosynthetic capa- 
city becomes smaller at stronger light in- 
tensity that at a weaker one in the later 
stage of cultivation. 


100 


8 


Degree of chlorosis % 
§ 


s 


70 80 90 100 


10> 20-30 40) 50)" 60 
Degree of N-deficiency % 

Change of the Degree of Chlorosis 

during Nitrogen-free Cultivation. 


Fig. 4. 


Finally, the relation between the nitro- 


10) Y. Fujimoto, H. Iwamoto and T. Ishii, This Bulletin, 
in print. 
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gen content and the lipide content of 
Chlorella .cells is shown in Fig. 5, which 
indicates a very close relation between 
them. 


100 


Ss 
q 
2 
fo} 
Ss) 
vo 
AS. 
& 
4 

0 1 Ye 3 4 5 6 7 8 

N-content % 
Fig. 5. Correlation between Nitrogen Content 


and Lipide Content of Chlorella cells. 


Now, let us estimate the yield of fat 
on the basis of mass-production, calculat- 
ing from Figs. 2 and 5. The yields of 
fat per 24 hours per square meter at 
various light intensities, and for various 
initial algal concentrations and date of 
harvest, are shown in Table VI. The time 
taken in producing the normal cells which 
is used in starting the nitrogen-free 
culture was taken into consideration in 
preparing this table. The percentage on 
the lower lines indicates the presumptive 
fat content on the harvest day. 

It is interesting that there are no re- 
markable differences in the yields between 
the different conditions. The highest yield 
among them is 12 g/m’-day, which is ob- 
tained in the case of 50 kilolux, five days 
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Table VI 
Yield of Lipide, g/m’, 24 hrs. 
Incident light (kilolux) 5 10 50 
Culture length (day) 5 10 By 10 15 5 10 
te ] Dee DAO) 8.4 76 6.1 8.6 5.9 
ipa Ae (4495) (59%) (549%) (6424) (672%) (5126) (56% 
conc. 
8.8 7.8 1220 Tae) 
(e/) eh (45%) (53% (472) (512% 
Depth of culture: 3 cm. 
Temprature: 25°C. 


of culture length and 1.75g/1 of initial 
concentration. 

The annual yield per acre is estimated 
as 4.9 ton on the basis of the daily yield, 
(8x10 24)g/m’-day., which is roughly 
considered as the average daily yield, 
under the conditions that each day has 
ten hours of illumination period of 10-50 
kilolux of incident light intensity and the 
initial algal density is 1.0-2.0 g/l and the 
depth of culture layer is about 3cm and 
the culture length is 5-10 days. This value 
might be much greater than the actual 
yield expected in the operation of out- 
door culture, but it is believed to give 
a general standard. Moreover we 
should say that Chlorella gives an over- 
whelming high yield of fat compared 
with soybean oil or peanut oil, the former 
being about 100kg/acre-year and the 
latter about 150 kg/acre-year. 


Summary 


In order to examine the possibility of 
mass-cultivation of Chlorella for the pur- 
pose of fat production, the cultural con- 
ditions for fat accumulation were studied, 


Chlorella ellipsoidea being used. It was 
seen that Chlorella grew in the nitrogen- 
free medium, accumulating lipide in its 
cells, and that the accumulation degree 
was greatly affected by the initial algal 
concentration, the depth of the suspension 
and the incident light intensity. In order 
to obtain cells of a high lipide content, 
it was required that the initial density is 
low and the layer of the suspension 
thin. As for the light intensity, it was 
found that a stronger light has a stronger 
retarding effect on the nitrogen-free 
growth in its later stage than a weaker 
light over 5-10 kilolux. This is explained 
to be due to more severe chlorosis caused 
by the stronger light. The presumptive 
yield of fat by mass-culture was roughly 
estimated as 4.9 ton per acre per year 
under favourable conditions. 
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In order to learn the relation between fat accumulation and carbohydrate meta- 
bolism in nitrogen-deficient Chlorella cells, the change of the fractions of carbohydrate 


during the progress of nitrogen-deficiency was studied in the first place. 
markable behaviour of certain fractions was observed. 


Some re- 
The change of chlorophyll 


and carotinoid content were also investigated. 


In the previous paper”, it was reported 
that Chlorella ellipsoidea grew remarkably 
in the nitrogen-free medium, accumulat- 
ing fat in its body, and that the total 
nitrogen compounds finally became less 
than 5% of the total dry weight. It was 
also ascertained. that there is a close 
relation between the nitrogen content 
and lipide content of the cells. From 
the correlation curve between them 
and the growth curve, it is presumed 
that the accumulation substance in the 
early stage of nitrogen deficiency is not 
only lipide, while in the very advanced 
stage it is lipide alone. The substance 
other than lipide synthesized and _ ac- 
cumulated in the early stage must be 
carbohydrate, because no new nitrogen- 
eous compounds are synthesized in the 
nitrogen-free medium. 

It is a interesting problem in such an 
organism as Chlorella in which both 
photosynthesis and storage of the synthe- 
sized matters occur, whether fat is syn- 
thesized from carbohydrate pool, once 
synthesized and accumulated, or it is 
synthesized from some simpler substance 
without passing through carbohydrate. 


1) H. Iwamoto, G. Yonekawa and T. Asai, This Bulletin, 
19, 240-246 (1955). 


Brown”? presented the same question 
from the fact that he did not recognize 
any increase of carbohydrate in photo- 
synthesis in Scenedesmus. 

In this report, relating to this problem, 
the change of the fractions of carbohy- 
drate during the progress of nitrogen 
deficiency is postulated. 


Materials and Methods 


The culture apparatus is shown in Fig. 1. 
The culture flask was of the same type as describ- 
ed in the previous paper’) but of a larger size, 
the capacity and the thickness being 2 liter 
and 3.5 cm Culture 
of 1.8 liter was put in each of four flasks which 


respectively. medium 
were set between the rows of fluorescent lumps 
of white light installed in a water bath. Each 
row consisted of five lumps. The light intensity 
at the surface of the flasks was about 4,000 lux. 

The composition of the medium and the con- 
ditions of aeration and temperature were the 
same as those applied in the previous paper, 
except that urea was used as the nitrogen source 
in producing the normal cells. 

In order to obtain the cells in various steps of 
nitrogen-deficiency, the following procedure of 
cultivation was carried out. 

In the first place, Chlorella was grown in the 
complete medium. ‘The normal cells thus ob- 
tained were collected by centrifugation and washed 


2) A.H. Brown, Plant Physiol., 23, 331-337 (1948). 
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Fig. 


Culture Apparatus. 


twice by distilled water and resuspended in the 
nitrogen-free medium at the cell concentration 
of about 1g/I. 
continued until the cell concentration became 


About one half 


of the cell suspension was then drawn out and 


Aeration and Jlumination were 
twice as large as the initial one. 


the cells were centrifuged, washed twice and used 
as the sample of the first step of nitrogen deficiency. 
The rest of the suspension was diluted with the 
same volume of fresh nitrogen-free medium and 
cultivation was continued until the cell concentra- 
tion increased about twofold again. The same 
procedure was repeated three times and the cells 
were collected at each time, and thus three kinds 
of nitrogen-deficient cells were obtained. 

This procedure of dilution in sampling is 
necessary to obtain the cells of high nitrogen 
deficiency, because nitrogen deficient cells grow 
very slowly at a high population density and 
extremely nitrogen-deficient cells are produced 
only at a low population density, as already 
reported!). 

The nitrogen content of the samples analyzed, 
one series of samples out of four series thus ob- 
tained with four flasks, is shown in Table I. 

The fresh cells harvested as the samples were 
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“Table I 
Nitrogen Content of the Samples. 
~ Sample Now tones ie aL 
N % Wald 3.89 -2.44 1.59 


dried on the tonplates in air, collected and 
desiccator. The dried 
samples of 3-4% moisture content were sub- 


stored in a vacuum 
jected to extraction and analysis. 

In the analysis of pigments, fresh cells instead 
of dried cells were used as the samples, because 
chlorophyll in dried. cells is very easy to fade 
especially in the light. 

The methods of moisture and lipide measur- 
ment were the same as those described in the 
previous paper. Reducing sugar determination 
was pursued by modified Somogyi method. Colori- 
metry was applied to ketose determination after 
Roe’), and Brown’s dichromatic colorimetry*) 
was applied to pentose determination. Extraction 
and determination of pigments were accomplished 
after Haskin®) and those of carbohydrate were ac- 
complished by a procedure similar to that employ- 
ed by Smith®) and Brown’). The flow sheet of 
the extraction and separation processes is shown 
in Table II. 

A dried sample 0.8 g was extracted with 20ml. 
of 8028 ethanol five times for 20 min. each on 
a water bath under reflux. The alcoholic ex- 
tract was evaporated to a small amount on the 
water bath. Water was added and the solution 
was evaporated until the odor of alcohol had 
disappeared. This procedure was repeated three 
times. The concentrated solution was added 
with Iml. of 1426 lead acetate solution, filtered, 
added with 2ml. of saturated sodium oxalate, 
and filtered again. 

The filtrate was made to volume 100ml. 
Ten ml. out of 100ml. was subjected to free 
reducing sugar determination, 40 ml. was added 
with HCl to 196 and hydrolyzed in the boiling 
water bath for 20min., and 20 ml. was _ hy- 
drolyzed with IN HCl for 4hrs. at 100°C. 
The hydrolyzates were made to volume 50 ml. 
after neutralization with NaOH. Sucrose was 
determined with the former hydrolyzate, and ex- 

3) J.H. Roe, J. Biol, Chem., 107, 15-22 (1934). 

4) A.H. Brown, Arch, Biochem., 11, 269-278 (1946). 


5) H.H. Haskin, J. Biol, Chem., 144, 149-160 (1942). 
6) J. H.C. Smith, Plant Physiol., 18, 207-223 (1943). 
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Table I 
Flow Sheet of Extraction and Separation of Carbohydrate. 


Dried cells, 0.8 ¢ 


hot 80% ethanol extraction 
20 min., 5 times 


Alcoholic extract 


rteated with lead acetate and 
sodium oxalate 


| 
| 


| 
Residue 


hot water extraction 30 min., 
4 times 


= et 


no hydrolysis hydrolysi i 
treatment 1% HCl in BC. aqueous die 
100 © 20 min. 100°C, 4 hrs. extract | 
| 
é : hydrolysis hydrolysis 
h ea Acid 1Nn HCI 100°C, 1.5% HCl 
y ve hydrolysate 4 hrs. 100 C, 3 hrs. 
Reducing sugar Red. sug. | > | Acid | 
determination determ. Pentose Red. sug. hydrolysate Acid Residue 
| determ. determ. _ hydrolysate 
| | | 
| Red. Peni” = Retoge: saa ag al) | 
| sug. determ. determ. Redsug. Pent. Ketose 
| determ. | determ. determ. determ. 
| | | | 
| 
ooh | | | 
Free red. Sucrase er Extrac. Red. | Extrac. Extrac. Total Insol. Insol. 
sugar free red. —_ pentosan sug. ¢7 — pentosan ketosan insol. Pentosan ketosan 
sugar oligo- | > ~Poly- Poly- 
sacch. | uronide sacch. 


Total watersol. 


Polysacch. 


tractable pentosan and oligosaccharide with the 
latter. 

The residue of alcoholic extraction was extract- 
ed with 20ml. hot water for 30min. three 
times. The extract was hydrolyzed with 1N HCl 
at 100°C for 4 hrs., concentrated to 30 ml. and 
neutralized with IN NaOH and made to volume 
50ml. This hydrolyzate was divided into three 
parts and subjected to reducing sugar determina- 
tion, pentose determination and ketose determina- 
tion. These determinations gave total water- 
soluble polysaccharide, extractable pentosan plus 
polyuronide and extractable ketosan respectively. 

The residue of aqueous extraction was hy- 
drolyzed with 20 ml. of 1.5% HCl for 3 hrs., 
filtered, and washed with 20 ml. hot water three 
times and 15 ml. hot water once. The filtrate 
was neutralized and made to volume 100ml. 
The same determinations as those on the aqueous 
extract were made on this filtrate, giving total 


insoluble polysaccharide, insoluble pentosan and 
insoluble ketosan respectively. 


Results 


The result of analysis on the hot alcohol 
extract is shown in Table III. The amount 
of free reducing sugar was 2.9% in the 
normal cell and increased with the pro- 
gress of nitrogen deficiency in the cell, 
and this reached 11.4%, when the nitro- 
gen content became about one fourth of 
that of normal cell. The amount of 
sucrose, which was 11.2% in the normal 
cell, on the contrary, decreased very 
quickly and disappeared at the nitrogen 
level of one-third of the normal cell. It 
is quite presumable?) that the normal cell 
has a large amount of sucrose. But it is 
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Table II 
Analysis of Hot 8024 Alcohol Extract. (per cent to the total dry matter) 

;  SampleNo. “0 1 2 3 
Free reducing sugar (as glucase) 2.9 a1 7.9 eS 
Sucrose ipl 4.8 0 0 
Extractable pentosan trace y y y 
Oligosaccharide (as glucose) Ball Bod 1.4 0 

Table IV 
Analysis of Hot Water Extract. 
Sample No. ? ia 2 3 
Total water soluble 
polysaccharide (as glucose) =o a1 a) 
Extractable pentosan and nee - * 2 


polyuronide 
Extractable ketosan 


trace 


a very remarkable phenomenon that it 
decreases so rapidly, along with the in- 
crease of free reducing sugar. Oligosac- 
charide other than sucrose had the same 
trend as sucrose and disappeared in 
sample No. 3. 

The analysis on the hot water extract 
is shown in Table IV. In this fraction, 
water soluble polysaccharide showed a 
gradual increase with the progress of 
nitrogen deficiency. 

Pentose and ketose determination in 
above two extracts showed no noticeable 


amounts of them in any stage of nitrogen 
deficiency. 

The result on the hot Io7 HEI ex- 
tract is shown in Table V. _ Insoluble 
polysaccharide made a big fraction. It 
showed a gradual decrease after increas- 
ing in the early stage. A small amount 
of insoluble pentosan was found in any 
stage of deficiency, showing gradual de- 
crease. 

The changes of total carbohydrate, 
crude protein and crude lipide are shown 
in Table VI. Crude protein was estimated 


Table V 
Analysis of Hot 1.526 HCl Hydrolysate. 
Sample No. . ie 2 3 
Total insoluble polysaccharide 9.6 16.6 Gia 9.2 
Insoluble pentosan ON 2.0 1.4 14 
Insoluble ketosan trace " y ” 
Table VI 


Changes of Protein, Carbohydrate and Lipide Content with the Progress of 
Nitrogen Deficiency. (2) 


Sample No. (0) 
Crude: protein 44.5 
Carbohydrate 29.9 
Crude lipide 18.5 


1 2 3 
24.3 1b Joe) 9.9 
30.9 28.5 23.9 
36.1 5On2 
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Table VII 
Changes of the Amount of Each Component of Cells in a Whole Culture during 
Growth in N-free Medium (Relative values). 


Sample No. 0 1 2 3 
Total drymatter rae 1.83 2.91 4.47 
Total protein 1 1 1 1 
Total carbohydrate 1 1.87 2d. 3.58 
Total lipide 1 3.58 7.91 15.4 
Table VUL 
Changes of Pigments with the Nitrogen Deficiency. 
baleen 0 L 3 Ne 5 6 7 
N-content* 100 65 AI 44 36 33 
10 Chlorophyll 2 5.50 Dri) | V28 7/02 232 Vinee Lei? LE SEL. taal 
kilolux Carotenoid 2 0.480 O40 = 0.125 0.050 
Ghlv/Car: TL 3855 Za 22:5) 
N-content* 100 51 44 39 35 33 
50 Chlorophyll 2 5.50 2 1.85 1.34 pale? 0.90 0.81 0.64 
kilolux Carotenoid 2% 0.480 1.109 0.062 
Chl./Car. a5 12.6 10.6 


* relative values. 


by multiplying the nitrogen content by 
6.25. It is observed that the carbohydrate 
content did not change conspicuously, 
before the protein content decreased to 
about one-third of the normal cell and 
crude lipide increased to about 50% ap- 
proximately three times as much as that 
of the normal cell, and that it decreased 
gradually with further nitrogen deficiency. 
It was found previously that lipide ac- 
cumulated to 84.5%, when crude protein 
became 4.5%. In that case, the amount 
of total. carbohydrate must have been 
about. 5% or so. .And so, free reducing 
sugar and insoluble polysaccharide must 
decrease to a very small amount with 
further progress in nitrogen deficiency. 
Table VII shows the relative amounts of 
total dry matter, total crude protein, total 
carbohydrate and total crude lipide, con- 
tained in a batch of culture, which, except 
total protein, vary with nitrogen deficiency 


in each individual cell. 

The initial amount of each of these 
materials was made unit in order to see 
clearly the feature of synthesis of each 
material. From the table, it is clear that 
more lipide is synthesized and accumulat- 
ed in the earlier stage of nitrogen defi- 
ciency by about the same amount as the 
protein which would be synthesized when 
grown in the complete medium, but in 
the advanced stage, synthesis of carbohy- 
drate is also gradually replaced by syn- 
thesis of lipide. 

Von Witsch and Harder’) described on 
the relation between fat and the rest 
materials that fat storage was not pro- 
duced at the expense of the rest of 
organic matter contained in the cells. 
But this is true only in the earlier stage 
of fat storage, up to about 50% of total 


7) von Witsch and R. Harder, Garnegie Inst. Wash. Pub., 
154-165 (1953). 


== FGM = 


H. IWAMOTO, and N. NAGAHASHI 


dry weight, and after that it occurs not 
only that carbohydrate synthesis is 
gradually replaced by fat synthesis but 
that in the very advanced stage the car- 
bohydrate once accumlated is converted 
to fat. 

As for sucrose, its synthesis seases and 
hydrolysis occurs in the very early stage 
of nitrogen deficiency. The accumulation 
of free reducing sugar is considered 
partly due to the hydrolysis of sucrose, 
and the accumulation of soluble and in- 
soluble polisaccharide might be due to 
the accumulation of free reducing sugar. 

As already reported”, a very remarka- 
ble change of pigment content occurs in 
nitrogen deficient cells. The changes of 
chlorophyll and carotenoid content and 
the chlorophyll/carotenoid ratio with the 
progress of nitrogen deficiency during 
nitrogen-free cultivation at two different 
light intensities are shown in Table VIII. 

Chlorophyll decreased from 5.5% to 
111% at 10 kilolux and from 5.5% to 
0.649% at 50 kilolux, while, carotenoid 
decreased from 0.48% to 0.05% at 10 
kilolux and to 0.062% at 50 kilolux, when 
the nitrogen content was reduced to one- 
third of the normal cells. Accordingly 
the chlorophyll/carotenoid ratio changed 
from 11.5 to 22.2 at 10 kilolux and did 
not change remarkably at 50 kilolux. 
The greater part of carotenoid was 
xanthophyll. The amount of carotene in 
the normal cells was 0.118% and it dis- 
appeared prior to the third day in the 
cultivation. 

It was mentioned in the previous paper 
that chlorosis occured in nitrogen defi- 
cient cells in a more intense degree at 


(Bull. Agr. Chem. Soc. 


the higher light intensity. 

As for carotenoid, it seems to show no 
marked difference in their decreasing 
velocity at different light intensities. 
Generally speaking, carotenoid seems to 
decrease faster than chlorophyll. 


Summary 


Changes of carbohydrate fractions and 
chlorophyll and carotenoid content in the 
cells during the nitrogen-free cultivation 
were studied. It was found that free 
reducing sugar increased and_ sucrose 
decreased remarkably with the progress 
of nitrogen deficiency in the cells. Solu- 
ble and insoluble polysaccharides were 
also found to increase in the earlier stage. 
It is considered that fat is not synthesized 
at the expense of carbohydrate in the 
early stage of fat accumulation, up to 
50%, but that, in the later stage, not only 
the synthesis of carbohydrate is reduced, 
but the accumulated carbohydrate, the 
greater part of which is free reducing 
sugar, is converted to fat. 

The chlorophyll content diminishes 
faster than the nitrogen content, especially 
at high light intensity. Carotenoid 
decreases as fast as or faster than chloro- 
phyll, and carotene disappears in the very 
early stage of N-deficiency. 
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The growth of Chlorella in the magnesium deficient medium was postulated. It 
was found that magnesium deficiency has greater influence upon multiplication of 


cells than upon synthesis of cell materials. 


the magnesium deficient medium. 


And ‘the size of cells becomes larger in 


Chlorophyll formation is completely suppressed 


by the deficiency. But it seems that growth is affected by magnesium deficiency it- 
self rather than by chlorophyll deficiency caused by magnesium deficiency. 


In the batchwise cultivation of unicel- 
lular green algae, Chlorella ellipsoidea, it 
has often been seen that the growth rate 
of cells slowed down in the later stages 
of culture, showing inactive multiplication, 
until the increase of cells ceases and the 
cell digestion occurs. This phenomenon 
was considered to be due to some unsui- 
table environmental condition for the cell 
growth, especially the deficiency of nutri- 
ents in the culture solution. 

On Chlorella! 2.3) and a few other green 
algae45), it has been noticed that the 
photosynthetic activity of cells is greatly 
correlated with the chlorophyll content 
and that the synthesis of chlorophyll, 
which is a magnesium porphyrin, is af- 
fected by the magnesium content of the 
culture solution. Recent findings® 7) in- 
dicate that magnesium is required also 

iL) NWR Fleischer, J. Gen. Physiol, 18, 573-577, (1935). 


2) J.C. van Hill, Recueil des Travaux botaniques nee, landais 
35, 35, 680-757, (1938). 

3) §S.R. Kennedy, Jr., Am. J. Bot. 27, 68-73, (1940). 

4) A.A. Saizeva, Leningrad Nauchnyi Inst. Lesgafta, Iz- 
vestiia, 15, 137-175, (1929). 

5) A. Pirson, C. Tichy, & G. Wilhelm, Planta 40, 199- 
253: (1952). 

6) B.J. Finkle and D. Appleman, Pleat Physiol., 28, 
652-663, (1953). 

7) B.J. Finkle and D. Appleman, ibid, 28: 664-673, (1953) . 


for the catalase synthesis, and that the 
process of multiplication may be an in- 
dependent process from the synthesis of 
cell material. 

In the present study, changes in the 
cell volume, cell counts and chlorophyll 
content, during the course of growth 
were followed, and the level of magnesium 
requirement was investigated. 


Experimental Methods 


The strain used was Chlorella ellipsotdea, and 
the full nutrient solution contained the following 
components per liter: KNO;:, 5.0¢: Mg SO,- 
7H,0, 2.5¢; KH,PO,, 1.25 ¢; FeSO,-7H,O, 
0.003 g; the microelements B, Mn, Zn, Cu and 
Mo in the same amounts as used by Arnon®). 
The pH was. 5.1 to 5.8. 
media, equivalent amounts of K,SO, were sub- 
stituted for MgSO, for SO,--. An _ oblong 
and flat flask with the thickness of 
2.8 cm and a total capacity of 600 ml., which 


In the magnesium-free 


inner 


was originally used by Tamiya et al®) was filled 
with 350 ml. of culture medium. The cultures 
were continuously aerated with air containing 5 
percent CO, at a rate of 350ml. per minute 


which also served for homogenizing the suspen- 


8) D.I. Arnon, Am. J. Bot., 25, 322-325, (1938). 
9) H. Tamiya et al., Carnegze Inst. Wash. Pub., 600, 204- 
232, (1953). 
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sion. 

The culture flasks were illuminated on one side 
by a reflector flood lamp placed outside the 
thermostat, which was maintained at 25°C. The 
light intensity at the surface of the culture flask 
was about 15 kilolux. 

To study the effect of magnesium deficiency, 
some cultures were dealt with the magnesium- 
free media. The culture solution was refreshed 
once a day so as to keep the composition of the 
nutrient constant throughout the experiments. 
As will be described!), the increase of cells 
per unit area varies with its density in low popula- 
tion density, so that the cultivation was done in 
the linear phase in which the yield per unit area 
in the complete nutrient solution was almost 
constant at the fixed light intensity. 

The cell growth was followed by measuring 
the volume of packed cells!), the cell counts in a 
standard haemacytometer, and the dry weight deter- 
mined after drying at 100°C for 24 hrs. The 
calculation of algal size was made, by dividing the 
volume of packed cells by the number of cells. 
Chlorophyll was extracted from the cells by hot 
methanol as postulated by Fleischer!) and the 
determination of it was done after Haskin’s 
method"). 


Experimental Results 


An active culture of about 4 ml./1 of cell con- 
centration was divided into two parts. The cells 
in one part were subjected to cultivation in the 
full nutrient medium and the cells in the other 
part were centrifuged, washed and resuspended 
in the magnesium-free medium. The course of 
growth, followed with the cell population and 
volume of packed cells, is shown in Fig. 1, in 
which the circles denote the data in tie full 
nutrient medium and the crosses are the data in 
the magnesium deficient medium. The increase 
of cells in the former showed a typical linear 
growth and was accompanied with the propor- 
tional increase of population. On the other hand, 
in the magnesium deficient condition, the volume 
of packed cells increased 3.5 times after 8 to 10 
days, though growth rate was far lower than in 
the case of the full nutrient medium, but the 


10) Y. Fujimoto et al. This Bulletin, in print. 
11) H.H. Haskin, J. Biol. Chem., 144, 149-160, (1942). 
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Fig. 1. Growth in the Linear Phase with and 
without Magnesium. 


population after 3-4 days, was only 1.5 times 
as high as the initial. And the diminution in 
cell counts was apparent in the later stage of 
culture. 

The difference between the packed cell volume 
and population was induced by the change in cell 
size during the course of growth. That the cell 
size changes with the change of culture condi- 
tions and with growth age, has been already 
noticed »!213.1515) and also the variability due to 
magnesium dificiency was pointed out. During 
the active growth in the full nutrient medium, 
changes in cell size have been scarcely seen and the 
average size and radius were about 353 and 2.0u 
respectively, as shown by the circles in Fig. 2. 
On the contrary, in the magnesium-free culture, the 
increase in cell size began at once and cell en- 
largement continued until the cell volume became 
3.5 times as large, giving a change in the radius 
by 1.5 times, as shown by the crosses in Fig. 
2. The dry weight was proportional to the 
packed cell volume even after the cessation of 
cell multiplication, so that an increase in cell 
size was considered to be based on the increase 
in cell material and not on the swelling of the 
cells by water uptake’). 

It is also noticeable that the growth activity of 
cells is affected by the change of the chlorophyll 

12) W.H. Pearsall and L. Loose, Proc. Roy. Soc., B 121, 
45-501, (1936) . 

13) H. Tamiya et al, Carnegie Inst. Wash. Pub. 600, 76- 
84, (1953). 

14) H.W. Milner, #b/d. 108-113, (1953). 

15) E.A. Davis and J. Dedrick, ibid. 138-143, (1953). 
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Fig. 2. Changes of Cell Size during Cultiva- 

tion. 


content due to magnesium deficiency!®»), and 
that the level of magnesium in the original 
medium determines the degree of chlorophyll 
The changes in chlorophyll 


content per unit volume of cell substance is 


development®). 


scarcely seen in the case of the full nutrient 
medium, and the rate of increase of chlorophyll 
per unit volume of culture fluid is similar to the 


100 


5.0 Be 


Chlorophyll content of dried cell, % 
][/3u ‘uojsuadsns [[a9 Ur TFAYdoIoyYy [RO], 


0 
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Days after inoculation. 


Fig. 3.- Changes of Chlorophyll during Cul- 
tivation. 

rate of increase of population as shown by the 
circles in Fig. 3. 

In the magnesium deficient medium, chloro- 
phyll content per unit volume of cell substance 
gradually decreased, but that per unit volume of 
culture fluid was almost invariable as the proba- 
ble result of cessation of chloropoyll formation. 
This was also clear from the fact that the addi- 
tion of magnesium to such a condition causéd a 
vigorous recovery—the chlorophyll content increas- 


Ghost form 
Fig. 4. Stage of cell digestion. 


sft) 
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ed at once, and the trend of change in cell size was 
reversed and cell growth was remarkably activated 
until the linear growth was seen. 

When the cultivation was further continued in 
the magnesium-free medium, the digestion of cells 
was seen, being followed by the decrease of cell 
The digestion 
occured ordinarily in the large and non-dividing 


count in the culture solution. 


cells which were apparently thick-walled. These 
cells are multicellular units, but the division of 
cell material is imperfect, or the 
hindrance of separation was seen, accompanied 


sometimes 


with the division of cell material as shown in}, 
Fig. 4-A. 


Appearancé’ of cell digestion. 
ar een!) 


Fig. 5. 


Fig. 6. The ghost form of cellwall, and cell 
material pushed out. 
x 750 
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In the eariy stage of digestion, the detachment 
of cell material from the cell wall was found as 
shown in Fig. 4-B, and the cell materials were 
gradually crowded out of the cell wall with an 
oval form as shown in Fig. 5. These observa- 
tions at hand were not adequate to confirm the 
cause of dehiscence of cell wall and separation 
of cell materials from cell wall, but this may be 
a problem of physiological interest. 

After the complete separation the cell wall 
remained as a ghost form, while the amorphous 
cell materials weré broken up in the culture 
solution as shown in Fig. 6. 


Discussion 


It is probable that the process of cell 
division and of accumulation of cell 
material are limited by different meta- 
bolic factors requiring different levels of 
magnesium concentration. 

In the full nutrient medium, the cell 
division and synthesis of cell material are 
almost proportional to each other, while 
the rate of cell division is smaller than 
that of formation of cell material in the 
magnesium deficient medium. The ten- 
dency that the syethesized material was 
used largely for increasing cell size rather 
than for producing new cells became 
conspicuous at the later stage of culture 
development, and yet the synthesis of 
cell material continued even after the 
cell division ceased. 

These fact clearly indicate that the 
synthesis of cell material can take place 
at a lower level of magnesium in the cell 
than that required for cell division, and 
it appears that, when the accumuation of 
cell material stopped, the digestion oc- 
cured with dehiscence of thick cell wall 
in the_stepfof its multicellular units. 

In the full nutrient medium, the pro- 
duction of chlorophyll was followed by 
synthesis of other cell constituents and 
the chlorophyll content in cells was 
usualy constant in the stationary culture 
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condition. But the chlorophyll synthesis 
in magnesium-free condition was almost 
negligible and the decline of activity of 
photosynthesis was remarkable even at 
the earlier stage of cultivation. Noticea- 
ble is the fact that the production of cell 
materials continued after the synthesis of 
chlorophyll ceased. These may suggest 
that the synthesis of chlorophyll requires 
a higher level of magnesium concentra- 
tion than cell division or production of 
other cell materials. 

It is of interest to compare the magne- 
sium deficiency with the nitrogen deficient 
condition. Even in the nitrogen-free but 
full magnesium content medium, the 
growth and the multiplication were al- 
most the same in their activity as in the 
full nutrient medium for a fairly long 
time during the earlier stage of cell 
growth, although fat body was produced 
owing to the nitrogen deficiency. 

As already reported!°’, the cells of low 
chlorophyll content are produced at an 
active rate of synthesis of cell material 
and multiplication, and the activity is 
almost proportional to the chlorophyll 
content. But in the magnesium deficient 
medium, the activity is not proportional 
to the chlorophyll content. The activity 
of synthesis of cell material drops lower 
and that of multiplication drops much 
lower than in the case of nitrogen defi- 


16) H. Iwamoto, G. Yonekawa and T. Asai, This Bulletin, 
19, 240-246 (1955). 


ciency, even if the chlorophyll content is 
the same in both cases. 


Summary 


Magnesium as a controlling factor in 
the multiplication and the formation of 
cell material or chlorophyll has been in- 
vestigated at about 15 kilolux, being 
contrasted with the full nutrient or the 
nitrogen-free condition. In the full 
nutrient culture, the relative relation of 
these processes proceeded in a rate almost 
constant and the cells of about 3.5% 
chlorophyll content were produced in the 
same size at the same linear growth rate. 
The cell growth was continued even 
without taking magnesium, giving the 
cell size more than 3.5 times larger in 
volume than the normal cell, and the cell 
digestion occured in the later stage of 
culture. From the sequence in which the 
activity of the respective processes de- 
creased, the level of magnesium require- 
ment was suggested. It is probable that 
the formation of chlorophyll takes place 
at the highest level of magnesium in the 
cell, and the synthesis of other cell 
materials occurs at lower level than the 
cell division. | 
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Islanditoxin',?) has been isolated from the cultured broth of Penicillium islandicum, 
and C,;H3;03N;Cl, was proposed as its molecular formula. The presence of the 
peptide linkage in islanditoxin was ascertained and the general properties were des- 


cribed. 


It was known that there were three 
kinds of poisonous yellowsis rice, i.e. the 
citrinum yellowsis rice) caused by Peni- 
cillium citrinum, the so-called  yellowsis 
rice? caused by Penicillium toxicarium and 
the islandia yellowsis rice’) caused by 
Penicillium islandicum. The poisonous 
substances of the former two were found 
to be citrinin® and C,;H3,0,;7). Whereas, 
that of the latter still remains undeter- 
mined, and it has become an important 
problem to investigate the toxic substance 
produced by Penicillium islandicum, es- 
pecially in Japan. 

B. H. Howord and H. Raistrick isolated 
six colouring matters from the cultured 
mycellium, namely islandicin®), iridosky- 
rin”, rubroskyrin”, erythroskyrin”, flavo- 


1) S. Marumo and Y. Sumiki; 
Jap. 29, 305, (1955). 

2) S. Marumo, K. Miyao and A. Matsuyama J. Aer. 
Chem. Soc. Jap. 29, 913, (1955). 

3) H. Tsunoda Report of the Food Research Institute No. 
8, 77 (1953) No. 9 169 (1954). 

4) K. Uraguchi Jap. J. of medical progress 34, No. 3 
(1942)-42, No. 10 (1955). 

5) H. Tsunoda: Report of the Food Research Institute No. 
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skyrin! and skyrin!%, but no appreciable 
toxicity was found in them. 

The three toxic substances have been 
reported already as the toxic metabolite 
produced by Penicillium islandicum. Is- 
landitoxin!.2), isolated by Y. Sumiki 
and the author, had a toxicity of minimum 
lethal dose 307/10 g in mice given sub- 
cutaneously. Pigment X, isolated from 
the cultured mycellium by T. Tatsuno, 
M. Tsukioka and et. al., showed the 
toxicity of 1.0mg/l0g in mice given 
subcutaneously. Malonic acid was found 
by T. Yamamotol2:3) from the cul- 
tured broth with the toxicity of LDso 
1.4mg/10g in mice. In the subcutaneous 
injection islanditoxin showed the strongest 
toxicity of the above three. 

The present paper deals with the isola- 
tion, molecular formula and general pro- 
perties of islanditoxin. 

Penicillium islandicum was inoculated for 
14 days at 28° on a Czapek-Dox medium 
containing 5% of sucrose as a carbon 
source. The isolation and purification 

10) ibid. 56, 56 (1954). 

11) TT. Tatsuno, M. Tsukioka, Y. Sakai, K. Suzuki and J. 
Asami: Monthly Meeting of Pharm. Soc. of Japan on July, 
9 (1955). 


12) T. Yamamoto: J. Pharm. Soc. of Jap. 75,512 (1955). 
13) T. Yamamoto: ibid. 75, 761 (1955). 
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were carried on with help of tests by the 
subcutaneous injection method in mice 
on each step. Islanditoxin, obtained from 
the cultured broth as a colourless crystal- 
line of needles, melted with decomposi- 
tion at 250-251°. The molecular formula 
of islanditoxin was in agreement with 
Cy;H;;CsN;Cl,, based on the elementary 
analysis and molecular weight determina- 
tion by the cryoscopic method with 
phenol as a solvent. Methoxyl and N- 
methyl groups were not found in islandi- 
toxin. [a@]}-47.7° (c, 1.99 in acetic acid). 

The ultraviolet absorption spectrum, 
measured on Beckman Spectrophotometer 
in aqueous solution, showed the absorp- 
tion maximum at 257 my (é€ 290), which 
lead us to the assumption that one 
benzene ring existed in one molecule of 
islanditoxin. 

The infrared absorption spectrum, 
measured on Perkin Ermer double beam 
instrument as Nujol mull, showed a series 
of maximum. bands 3450 (bonded OH) 
3270 (bonded NH) 1650 (amide CO) 1530 
(>NH) and 700 cm-1 (G-Cl).. Some of 
those bands indicated the peptide linkage 
in islanditoxin, which was. ascertained 
by the colour test of the hydroxamic acid 
reaction and finally to isolate the three 
kinds of amino acids from the acid hy- 
drolysate of islanditoxin in the form of 
crystals. 

Islanditoxin was readily soluble in 
acetone, butanol and phenol, soluble in 
methanol, ethanol, cyclohexanol, dioxane 
and water, slightly or not soluble in 
chloroform, ethylacetate, ether, benzene, 
petroleum ether and ligroin. Islanditoxin 
was more readily soluble in aqueous 
acidic and basic solutions than in neutral, 
this presuming that the islanditoxin was 
an amphoteric substance, but on observa- 
tion of the infrared absorption spectrum 
the presence of a free carboxyl and amino 


radical was not found. 

Islanditoxin was stable in acidic and 
neutral solutions, but in basic quite labile. 
When the Nn/100-ammonia solution of 
islanditoxin was allowed to stand over- 
night at room temperature, the toxicity 
was completely lost, following the elimina- 
tion of chlorine as its ionic form. 

In the histopathological examination, 
the degeneration of liver cells and strasis 
of circulating blood were observed in the 
liver of mice injected with islanditoxin. 


Experimental 
Organism and cultural condition. 


Penicillium islandicum, obtained through the 
courtesy of Dr. Tsunoda (Food Agency, Ministry 
of Agriculture and Forestry.), was used for the 
production of islanditoxin throughout this work. 

The optimum condition producing islanditoxin 
in the stationary culture was examined. As the 
result, the constant yield of islanditoxin was 
obtained inoculating and incubating on Czapek- 
Dox medium (sucrose 50g, K,HPO, 1g, MgSO,- 
7HLO 055g. NaNOs) 2'o.5 KCl sO 5: eheS O; 
0.01g, distillated water 11.).. The production 
of islanditoxin was not appreciably affected by 
the incubating temperature in the range of 25- 
BS 

A comparison of cultural condition between the 
surface and submerged cultures was drawn. The 
surface culture for 14 days at 28° (4 1. of medium 
in 81. of a orbicular alminium vessel) gave 2— 
3mg of islanditoxin per 11. of cultured broth. 
On the shake-culture for 6 days at the same 
temperature (200ml. of medium in 500ml. of 
a shaking flask) about 1.5 mg of islanditoxin was 
recovered. The submerged culture using a glass 
jar fermentor (7 1. of medium in 101. of a glass 
fermentor, 11. of air/l. of medium/minute) gave 
1.5-1.0 mg. But in the tank culture, islanditoxin 
could not be found in the cultured broth on ac- 
count of an unknown reason. From results of 
this examination, the surface culture seemed to 
be more suitable for production of islanditoxin. 
The spore suspension of Penzcelliwm islandicum 
was inoculated to 41. of medium in an orbicular 
alminium vessel of 81. volume and incubated for 


== P58) 


S. MARUMO . 


——: in aqueous solution 
(pH. 7.0) 
—-- in N/10-HCl 


Lies 


220 250 300 


wave length, mp 


Fig. 1. Ultraviolet Absorption Spectrum of Is- 


landitoxin. 
14 days at 28°. The cultured broth gave a dark 
red colour and the final pH was 3.4. 


The Test of Toxicity. 


In each step of isolation and purification pro- 
cedures, ten mice, of 15-20g body weight, 
were selected. The samples injected in mice 
were dissolved in water and adjusted to pH 7.0 
with hydrochloric acid or sodium hydroxide. 
In the case of water insoluble acidic substances, 
they were dissolved in an alkali solution and 
immediately back titrated to pH 7.0. (the basic 
The 
toxicity of the samples was determined observing 
the behavior of mice, lethal dose, lethal times 


substance was not found in cultured broth). 


and macroscopic anatomy after subcutaneous in- 
jection. 


Isolation of islanditoxin. 


The cultured filtrate, separated from mycellium, 


= 
3505 3000 7300 2000 7180 taeo 


(Bull. Agr. Chem. Soc. 


was concentrated to 1/20 volume im vacuo at 
60-70° and an 8 times volume of acetone was 
added to this solution. After separating the viscous 
precipitates, the aqueous acetone solution was 
concentrated until no acetone remained (pH 2.2). 
After a few hours, the precipitated acidic sub- 
stances were filtered. The filtrate was adjusted 
to pH 7.0, and then extracted three times with 
1/3 volume of butanol. The butanol extracts 
combined were subjected to eight plates counter- 
current distribution using butanol and M/5 Soren- 
sen phosphate buffer (pH 7.0) as a solvent sys- 
tem. The contents of tubes 7 and 8 were com- 
bined, evaporated to dryness and crystallized 
from hot methanol. The crude crystal thus 
obtained was recrystallized from hot methanol and 
a mixture of ethanol and ligroin several times. 
To rise the m.p. up to 250-251°, it was neces- 
sary to use the above two kinds of solvents 
successively. About 2.5 mg of crude crystal was 
obtained from 11. of the cultured broth. 

Analy Found) 44.9. Sle eH. 526 26seNoe ele sons 
Cl, 11.58. Calcd. for C;;H;;03N;Cl,: C, 49.83 ; 
H, 5.48; N, 11.62; Gl, 11.79. 


Molecular weight. 


Determination of molecular weight was executed 
by the cryoscopic method, according to the 
Wilson and Heron procedure’). The value 
obtained was 564 (Calcd. 602 for C;;H33;30sN;Cl,). 
Phenol was purified by adding 0.124 of aluminium 
and 0.05% of sodium bicarbonate. The mixture 
was distillated at atmospheric pressure until the 
azeotropes were removed, and then distillated at 


14) Wilson and Heron: J. Chem. Soc. Iud. (London) 60, 
168 (1941). 
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Fig. 2. The Infrared Absorption Spectrum of Islanditoxin as Nujol Mull. 
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25min until 20ml. of black residue remained in 
the distillation flask. 
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Complete hydrolysis of islanditoxin, C,;H33;03;N;Cl2, with 12 N hydrochloric acid 
gave three ninhydrin-positive substances, termed fractions A, B and C, and small 


amounts of a humin-like material. 
a-aminobutyric acid, respectively. 


was assigned and this seemed to be an amino acid containing a benzene ring. 


Fractions A and B were identified as serine and 


To fraction C the molecular formula CyH,,O.N 


Mild 


hydrolysis of islanditoxin with 4.5.N hydrochloric acid has shown that 1 mole of is- 


landitoxin produces 2 moles of serine. 


The isolation, purification, physico- 
chemical properties and molecular for- 
mula of islanditoxin have been described 
in previous publications.!-2:3) The data 
indicated that islanditoxin has the mole- 
cular formula C,;H;;0sN;Cl, and contains 
the peptide linkage. 

In this report, hydrochloric acid hydro- 
lysis was employed in the hope of obtain- 
ing information regarding the components 
of islanditoxin. 

Hydrolysis of islanditoxin with 12N 
hydrochloric acid led partially to the 
formation of a humin-like material. The 
soluble fraction gave a positive reaction 
with ninhydrin, while islanditoxin was a 
ninhydrin-negative substance. Two chro- 
matographies were pursued in the identi- 
fication of the components of the hydroly- 
sate. First, paper partition chromato- 
graphy was employed to detect the number 
of ninhydrin-positive fractions and deter- 
mine their RF values. Second, cellulose 


1) S. Marumo and Y. Sumiki; J. Agr. Chem. Soc Japan, 
29, 305 (1955). 

2) S. Marumo et. al.; tbid. 29, 913 (1955) 

3) §. Marumo; This Bulletin 19, 258 (1955). 


column partition chromatography was 
studied to isolate each component. 

With the partition chromatography, it 
was indicated that three ninhydrin-posi- 
tive fractions were finally obtained by 
the complete hydrolysis with concentrated 
hydrochloric acid, though about seven 
ninhydrin-positive spots were found on 
the paper chromatograms in the course 
of hydrolysis. They were termed frac- 
tions A, B and C in order of their in- 
creasing RF values. 

Fractions A and B isolated in the form 
of crystals by means of cellulose column 
chromatography were identified as serine 
and a-amino butyric acid on the basis of 
their infrared absorption spectra, RF 
values and melting points. The data of 
infrared spectra indicated that serine 
obtained as a fraction of islanditoxin 
hydrolysate was an optically active form, 
but optical activity of a-aminobutyric 
acid could not be established for the 
lackeness of an optically active standard 
substance. As substitution of the chlorine 
with the hydroxyl group by hydrolysis 
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happens in some cases, it is not distinct 
whether serine is an original component 
of islanditoxin or not. Fraction C was 
obtained as crystals and its analysis gave 
an empirical formula C,H,,O,N. This 
substance seemed to be an amino acid 
containing a benzene ring on the basis 
of its ultraviolet and infrared absorption 
spectra. 

To avoid the destruction of serine and 
the formation of a humin-like material, 
islanditoxin was hydrolyzed with 4.5N 
hydrochloric acid and the amount of 
serine produced from islanditoxin was 
determined quantitatively by paper chro- 
matography. ‘The result showed that six 
carbon atoms of islanditoxin gave two 
moles of serine and consequently two or 
more moles of fraction C could not be 
contained in one molecule of islanditoxin, 
unrelating to the amount of @-aminobu- 
tyric acid contained. Because, the total 
sum of 2 moles of serine, one mole of 
a-amino butyric acid and one mole of 
fraction C as the minimum constitution 
was (Ci5H340;0Na)-(4HO) and the 
balance between this value and molecular 
formula of islanditoxin C,;H3;0;N;Cl, 
was C,H,O,NCI,, it could then be decid- 
ed that the molecular formula of fraction 
C is equal to the above empirical formula. 


Experimental 
Acid Hydrolysis of Islanditoxin 


Hydrochloric acid (12N, 4 ml.) was added to 
islanditoxin (50 mg.) in a Pyrex test-tube (11 x 
200mm.). The tube was sealed and heated in 
an oil bath at 105° for 20 hours. The dark 
colored mixture was evaporated to dryness being 
added three times with additional quantities of 
distilled water. The residue was taken up in 
water (about 5 ml.) and the insoluble humin-like 
material was separated. The soluble fraction was 
passed through the anion exchange resin (Am- 
berlite IR 4B) in order to remove hydrogen 


The 
colorless residue (43mg.) was partially applied 


chloride and was evaporated to dryness. 


to the ‘paper chromatography for the qualitative 
observation of the constitution of islanditoxin 
and mainly to the cellulose column partition 
chromatogrphy for isolation of peptide constitu- 
ents. 


Paper Chromatography of Islanditoxin Hy- 
drolysate 


Two solvent mixtures were tried on one-dimen- 
sional paper partition chromatograms with as- 
cending flow. One of the solvent mixtures was 
the upper layer of the mixture of butanol, acetic 
acid and water (4:1: 5 by vol.) and the other water 
saturated phenol. On the paper chromatograms 


developed by the above solvent mixtures, three 


_ninhydrin-positive spots were obtained and they 


were termed fractions A, B and C in order of 
their increasing Ry values. Ry values of A and 
B were identical with those of serine and a- 
aminobutyric acid as the guides, respectively. 
Rw value of fraction C was slightly larger than 
that of phenylalanine and the development of 
this spot was weak. On the paper electrochro- 
matograms these three ninhydrin-positive fractions 
did not move toward the cathode nor anode. 


Cellulose Column Partition Chromatography 
of Islanditoxin Hydrolysate 


The chromatographic column (14 x 280mm.) 
was placed with cellulose powder by the wetting 
method, which previously had been successively 
washed with N hydrochloric acid, water and then 
solvent mixture of butanol, acetic acid and water 
(4:1:5 by vol.). The hydrolysate, dissolved in 
1.5 ml. of the solvent mixture, was placed on 
the column and the column was developed in 
the chamber at 0° with the above solvent mix- 
ture at the rate of 2.4 ml./hour. The eluate was 
collected with every 0.6 ml. by the help of an 
automatic fraction collecter. Each fraction was 
examined in its color development with the 
ninhydrin reagent. The tube numbers of the 
ninhydrin-positive fractions were 48-58 (fraction 
C), 77-106 (fraction B) and 113-167 (fraction 
A), corresponding to each spot on the above 
paper chromatograms, respectively. ‘The eluates 
containing an individual ninhydrin-positive frac- 
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tion were pooled together and evaporated to dry- 
ness and all of the three fractions gave almost 
colorless crystals. 


Identification of Fraction A and B 


After fraction A and B were washed by absolute 
ethanol, they were recrystallized from aqueous 


Infrared Absorption Spectra of Fraction A and Serine (as Nujol mull) 


ethanol. Fraction A was separated out as short 
colorless prisms, melting with decomposition at 
225-228°, and indicated the positive color reac- 
tion of $-hydroxy-a-amino acid with Nessler’s 
reagent. The infrared absorption spectrum of 
this substance was identical with that of an ac- 
tive form of serine (Fig. 1). 
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Fraction B treated with hydrochloric acid was 
obtained as colorless prisms beginning to sublime 
at 162° and decomposing at 212-214. 5°, and 
was identified with a-amino butyric acid hydro- 


chloride by means of infrared spectrophotometry 
(Fig. 2). 
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Fraction C 


Fraction C was separated as colorless hexagonal 
plates from aqueous ethanol and small crystals 
from a mixture of acetic acid and acetone, sub- 
limating at 220-223°. 
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Infrared Absorption Spectra of Fraction B and a-Aminobutyric Acid (as Nujol mull) 
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Table I la 
Estimation of Serine in Acid Hydrolysates of Islanditoxin. 


Islanditoxin 


hours of 
Bee. hydrolvne* pe 
0.954 6 0.218 
0.977 8 0.282 
1.078 de 0.296 


* concentration of hydrochloric acid: 4.5 N. 


0.8 
0.6 
B 
BOO.4 
2 256 
vu 
QA 
0.2 
is) 
210 250 3090 350 
Wave length, mp 
Fig. 4. Ultraviolet Absorption Spectrum of 


Fraction C in Aqueous Solution. 


Anal. Calcd. for Cs5H;,0,.N: C, 65.44; H, 6.71; 
Nico.46. Bounds C. 65.36. Hy 7.44; \N, 
8.41. 

On the basis of the ultraviolet and infrared 
absorption spectra, this substance appears to be 
an amino acid containing a benzene ring (Figs. 


3 and 4). 


Quantitative Estimation of Serine Produced 
from Islanditoxin 
Each of about Img. islanditoxin was hydrolyzed 
at 105° with 4.5N hydrochloric acid 
pendently in each of the sealed tubes respectively, 
and after 6, 8 and 12 hours hydrolysis, the 
container in each tube was evaporated to dryness 


inde- 


three times with additional quantities of distilled 
water. 
hydrolysis. 
water, and 0.0025 ml. of the aqueous solution 
was spotted on 2 x 30 cm. strips of Toyo No. 51 


No humin-like material was formed by 
The residue was dissolved in Iml. 


filter paper. After development by the solvent mix- 
ture of lutidine, collidine and water (1:1:1 by vol.), 
the maximum density of each spot was determined 
by the help of a photoelectric densitometer. 
The values of the maximum density were cor- 
rected in consideration of the destructive effect 


of the acid hydrolysis on serine. For this cor- 


Serine produced 


molar ratio 


correct. Serine/Islanditoxin 
mg. 

0.222 1.33 

0.289 1.69 

0.307 1.62 


rection, Img. of DL-serine hydrolyzed and treated 
with the procedure similar to the samples served. 
By the aid of the,maximum density of the spots- 
concentration of serine curve (Fig. 5), the rela- 
tionship between the amount of serine found and 
the time of hydrolysis is shown in Table I. 
This fact definitely indicated that 1 mole of 
islanditoxin produces 2 moles of serine. 
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It has been confirmed that gibberellin A is a mixture of three components, gib- 
berellin A,, gibberellin A, and gibberellic acid (namely gibberellin X), by treating 


their methyl ester through the chromatography on Al,O; column. 
The physical and chemical properties of 


separate them in free acid were made. 


Attempts to 


each gibberellin as well as its physiological properties are described. 


Gibberllin A and B,!.2) the metabolic 
products of Gibberella fujikuroi which cause 
abnormal growth of young tissues of 
higher plants, were isolated and further 
investigation to elucidate the chemical 
structure have been published already}. 4 
5,657), 

Gibberellin A, isolated through the 
process shown in Fig. 1, was chromato- 
gramed on paper using various solvents, 
butanol-NH;aq, ethanol-NH3aq, benzene- 
acetic acid-water, ethanol-ethyl acetate- 
ligroin, ethanol-ethyl acetate-bezene, but- 
anol saturated with water, but in every 
case only one spot was found. Further, 
as the results of the thirty plates count- 
ercurrent distribution method using the 
solvent system of ethyl acetate and one 
mole phosphate buffer adjusted to pH 
5.3, we found only one peak. From these 


1) T. Yabuta, Y. Sumiki: J. Agr. Chem. Soc. Jaban, 17, 
171 (1938). 

2) T. Yabuta, Y. Sumiki, K. Aso, T. Tamura, H. Igara- 
shi, K. Tamari: 767d. 17, 721, (1941). 

3) T. Yabuta, Y. Sumiki, K. Aso, T. Tamura, H. Igara- 
shi, K. Tamari: ibid. 17, 894 (1941). 

4) TT. Yabuta, Y. Sumiki, K. Aso, T. Tamura, H. Igara- 
shi, K. Tamari: 7bid. 17, 975 (1941). 

5) T. Yabuta, Y. Sumiki, K. Aso: ibid. 25, 159 (1951). 

-6) M. Yatazawa, Y.Sumiki: bid. 25, 503 (1952). 

7) Y. Seta, Y. Sumiki: 26, 508 (1953). 


facts, we had to arrive at the conclusion, 
that our gibberellin is a homogeneous 
compound. However, in contrast to these 
results, it was found that degradation 
process?) of gibberellin A to gibberellin 
C and gibberic acid at the same time, 
seen in previous reports, could not be 
explained from the fact that no moiety 
corresponding to the latter was to be 
found, and moreover the same results 
could hardly be obtained by repetition 
of the experiments. From these contra- 
dictory facts, we got to have some doubts 
on the purity and homogenity of crystal 
gibberellin A. At that time, the private 
communication of April 7, 1954 from 
Stodola informed us that he had isolated 
gibberellin X, CyyH2O; which yields 
gibberic acid, CysH2O; liberating one 
mole of CO, in acid hydrolysis.  For- 
tunately, we succeeded in separating the 
gibberellin A methyl ester into three 
different methyl esters on chromatography 
of Al,O;, and it was proved that gibberel- 
lin A is a mixture of three components, 
gibberellin A;, A, and A;. The emprical 
formula and physical constants of these 
three esters are shown in Table I. 

It should be emphasized that the an- 
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Process of Separation of Gibberellin A. 


adsorption with carbon 
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alytical data of the methyl ester did not 
give a satisfactory result in previous 
reports?). Gibberellin As methyl ester 
was confirmed to be identical with that 
of gibberellic acid, which was kindly sent 
to us by Curtis and Cross’: 9) who have 
isolated this from Gibberella fujikuroi, after 
comparing both infra-red spectra and 
mixed melting point. Stodola et allo 
also isolated the same substance and 
named it gibberellin X. 

As the puplication of gibberellin A; 
has been first reported by Curtis et al 


8) Curtis, B.E. Cross: Chem. and Ind., 1954, 1066. 
9) B.E. Cross: J. Chem. Soc., 1954, 4670. 
10) F.H. Stodola et al: Arch. Bioch., 54, 240 (1955). 


under the name of gibberellic acid, we 
propose to adapt the name of gibberellic 
acid. 

It was observed that there was a great 
difference in the recovery of the three 
components by different strains and 
composition of culture media. (Table ID. 

Although we were able to separate 
each component of gibberellin as_ its 
methyl ester, it was necessary to separate 
the three components in the state of free 
acid, in order to examine their chemical 
and physical properties as well as their 
physiological activities which their esters 
failed to have shown. 
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Table I 
The Empirical Formula and Physical Constants of the Three Esters. 
Formula mp. [aJp 
Gibberellin A 5 . 
methyl eee CoH 26.0 ¢ 230—2° ao Dollie 
Gibberellin A, 
methyl ester 
a) drying in vacuo : 9 
at room temp. C21:AgoOo- 3/220 190-2 
b) drying in vacuo at . 
100° for six hours C21H00¢- 1/2H20 183-5 
c) drying in vacuo at : 9 ° 
100° for twenty hours CoiH300s 183-5 +28.1 
Gibberellin As 4 ° 1 ° 
fee ivlnce C9 H2,0¢ 202-4 +67.0 
Table I 


The Ratio of Three Components of 


Crystal Gibb. A from Different Strains. 


Ay 
crystal 
G4 mother liquor 
Nezd crystal 
mother liquor 


At first, in the purpose to separate gib- 
berellin A; and A,, the crystal gibberellin 
A from strain No.4 was used in the fol- 
lowing experiments which was fortunate- 
ly ascertained to be a mixture of gibberel- 
lin A; and A, containing no gibberellic 
acid, by the chromatography of its methyl 
ester. 

As a direct method of separation, parti- 
tion chromatography of silica gel was 
applied. After the preliminary micro test 
using silica gel column adjusted to pH 
4.8, 5.0, 5.2, 5.4, and with the solvent 
system of CHCl,-ethyl acetate, CHCl;- 
butanol, benzene-butanol, benzene-ethy] 
acetate, a system of CHCl,-ethy! acetate 
and buffer of pH 5.2 was chosen for a 
large scale. The relation between the 
fraction number and the recovery curve 
showed two peaks. But it was proved 
that every fraction of these two peaks 
contained gibberellin A, and A, from the 
result obtained by the method of ester 


i wA gibberellic /.. 
ester (%) Ag ester (% SY Gtle ether MOD 
50-60 30-40 <10 
20-30 40-50 20-30 
70-80 20-30 A 
70-80 20-30 <5 


chromatography. Adsorption chromato- 
graphy and ion exchange resin were tried 
without success. 

As indirect methods of separation, at- 
tempts were made to prepare their deri- 
vatives and separate them taking ad- 
vantage of the changed physical and chem- 
ical properties. 

Gibberellin A; methyl ester absorbs one 
mole of hydrogen in catalytic reduction 
resulting the dihydrogibberellin A; methyl 
ester but gibberellia A, methyl ester 
absorbs no hydrogen. A mixture gib- 
berellin A was hydrogenated catalytically 
using Adams’ catalyser and attempts to 
separate dihydrogibberellin A; and 
gibberellin A, were made by partition 
chromatography of silica gel resulting in 
failure in consequence of their similarity 
of solubility to the various solvents. 

In the same manner as the catalytic 
reduction, gibberellin A, methyl ester 
absorbs bromine but gibberellin A, methy1 
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ester none. The syrup obtained by 
bromination of gibberellin A mixture at 
0°~-8° was subjected to chromatography 
of silica gel. Two kinds of crystal were 
separated, one of them, monobromo 
derivative, gives a positive test with the 
Beilstein reaction and has the formula 
C,)H.,;0,Br, dp. 215-7°. 

Investigation for the purpose of clarify- 
ing this peculiar phenomenon, in other 
words, that we could not obtain the 
dibromo derivative which should be pro- 
duced on the addition of one mole of 
bromine to a double bond, is now under 
way. The other is the free acid of gib- 
berellin A, giving a negative Beilstein test, 
the formula CO, H.s;O, being assigned. 
Its methyl ester is identical with gibberel- 
lin A, methyl ester in analytical data, 
mp., and infra-red spectra. 

As the separation of methyl ester was 
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successfull, hydrolysis of esters by acid 
and base to the original acid was tried. 
When it was treated with n/10- n/100 
NaOH at room temperature, two kinds 
of acids were obtained, one of them had 
the formula CyHyO¢, dp. 232-5°, the ester 
of which is identical with gibberellin A; 
methyl ester in mp. and infra-red spectra. 
The other is thought to be an epimer of 
gibberellin A;, having the same formula 
as gibberellin A, and should be called 
pseudogibberellin A;. The gibberellin C 
was obtained by hydrolysis of gibberellin 
A, methyl ester with 20% H.SOu,. 

It took ten days to hydrolyse gibberellin 
A, methyl ester with n/10 NaOH at 30° 
and the product was assigned to be 
C,sH,,05 which failed to regenerate the 
original ester in esterification, resulting 
an ester of mp. 167-9°. Various con- 
centrations of H,SO, were used to hy- 


Table II 
Abnormal Elongation Growth Test Using Rice Seed (for seven days). 


‘Hights of the 


~~ stems mm f ; Gibberellic : Gibb. A 
ie Gibb. A, Gibb. A,» aad g-Gibb. A, GRE 
cone. of gibb. Ce 

0.0016 136 125 121 
0.0008 124 118 130 

122 82 
0.0004 109 102 (0.0005 % (0.00052) 118 
0.0002 99 93 92 
0.0001 83 79 84 

control (dist. water) 82. 
Table IV 
Melting Points and Mixed Melting Points of the Three Components. 
a Free acid (dp.) Me-ester 
Gibb. A; 232-5° 232-4° 
: ts 190—2° 
Gibb. A, 235-7 183-—5° (anhydrous) 

Gibberellic acid 230-2° 203—4° 

Gibb. A,+Gibberellic acid 232-5° 211-7° 

Gibb. A,+Gibberellic acid 222-4° 180-4° 

Gibb. A,+Gibb. A, 234-6° 


180—4° 
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Table V 
Analytical Data and Physical Constants of the Three Components. 
Jan SO Specific Analytical 
F j peci nalytic 
SHB ae Rotation data (Found) 
Av-free CioHxOe 232-5° +42.3 GL O5B7 He 7I13 
1 GeO; IL~~ . de . > . . 
sae St CaoH26Or 232-4° 435.1 €+'66,26.. Fs 6102 
4234 428077 
Ao-free CooH2g0¢ 235-7° +] hs 7/ CG: 66.19, H: 8.01 
4 C2;H3)0¢- HO 190=2° (CoS AINI, Lal a Ztsite: 
Ag metyt | Cgl,,0,-4H,0 . 183-5° $28.1 Ci 65.47, H: 7.77 
21H 350,5 183-5° Gy 6.6ia/ 0) Es sea 2 
Gibberellic 
acid methyl CopH 2,0, 203-4° +67.5 G66.055 His 67734 
ester ; 
: Molecular 
(Required) Weight OCH, pKa 
ais ~ (Found) (Required) 
A,-free C Se ae ee 370, 348.3 (Found) 4.9 
. Tt lia ae (titration) 402.4 
A,-methyl Cee6G2285 Bra. 23 382 360 8.10 
ester Cz 66:33> bk 0.78 (OCHS) 414 
Ay free G2 65.91, He 7.74 ction 364.4 5A 
. 32 
ce oe ety tt) 405 8.32 
pipes C65 abel 38.01 (OCH) 387 7.51 
C: 66.64, H: 7.99 370- 378 8.38 
(OCHs3) 
Gibberellic 
acid methyl C: 66.65, H: 6.71 360.4 
ester 
drolyse the ester of gibberellin A;. Two three components of gibberellin A mix- 


kinds of crystals were obtained, dp. 255° 
and 290° as the acidic fraction. The 
amounts of the former crystal were too 
small to be analysed. The empirical 
formula Cy,HO,, was assigned to the 
latter. 

Various attempts to separate free gib- 
berellic acid from a mixture of gibberel- 
lin Ay, A, and gibberellic acid were made 
but so far without success. 

The physiological activities of gibberel- 
lin Ay, A,, pseudogibberellin A, isolated 
in the process described above and gib- 
berellic acid kindly sent to us by Cross 
were examined. The results are shown 
in Table III. It was confirmed that the 


ture, gibberellin Aj, A, and gibberellic 
acid have strong physiological activities. 

The melting point of gibberellin Aj, 
A, gibberellic acid and their esters and 
also mixed melting point of each two 
components are shown in Table IV. It 
is noteworthy that the mixed melting 
point of each two of the free acids which 
have a similar melting point do not 
depress, but although the methyl esters 
of these acids melt at a somewhat 
different temperature, their mixed melt- 
ing point of each two of the three esters 
show no depression. 

Analytical data and physical constants 
of the three components are summarized 
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Fig. 2. Infra-Red Spectra of Free Acids and Their Esters. 
Gibberellin At 


100 —- 


PERCENT TRANSMITTANCE 


5 6 7 8 9 10 ul 12 B 14 6 1o 
WAVE LENGTH IN MICRONS 


Gibberellin A, methyl ester 


8 9 {0 u (2 13 14 ‘5 16 


Gibberellin A, 


5 6 if 
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Gibberellin A; methyl ester (containing water of crystallization) CosHio0e- H,O 
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Gibberellin A; methyl ester CaiHso0e-5 H,O 
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in) Table V- 

Ultra violet spectra of gibberellin Aj, 
A., gibberellic acid and their esters 
showed no maximum in the region of 
225 mp to 300 mu at the concentration of 
21052 mol/cc. 

Infra-red spectra of free acids 
their esters are shown in Fig. 2. 


and 


Experimental 
1) Paper chromatography of gibberellin A. 


On the paper chromatography of gibberellin A 
using the following solvents at room tempera- 
ture, only one spot was found. 


solvent indicator Ri 

organic layer of a mixture of!) 
BuOH and 1.5N NH; (1:1) B.C.P. 0.43 

a mixture of EtOH and 1.5N 
NH,}”) (5:1) Cae OR 7/l 


organic layer of a mixture of 
benzene acetic acid and water 


(UM2 ils 3) B.P.B original point 
(OR 2es.5,) ax 3 
(UORF3s25)) He Bt 
(10:4:5) ae Ss 


organic layer of a mixture of 
EtOH, ethyl acetate, ligroin 


and water (1:1:1:1) BakeBs 0222 
organic layer of a mixture of 

EtOH, ethyl acetate, benzene 

and water (1:1:1:1) B.P.B. 0.96 
BuOH saturated with water B.P.B. 0.92 


a mixture of benzene and EtOH 
(6:1) B.P.B. 0.82 tailing 


2) Countercurrent distribution of 
gibberellin A. 


Gibberellin A (50.5 mg) of dp. 240-2° was 
dissolved in ethyl acetate (10 ml.) and subjected 
to thirty plates countercurrent distribution with 
a solvent system of ethyl acetate and one mole 
phosphate buffer (pH: 5.34). After completion, 
each buffer layer was extracted with ethyl acetate 
in the acidic side and each of extract was added 
to the corresponding upper layer and dried in 
vacuo. ‘The plate number curve and melting 


11) Reid et al: Brochem. J. 50, 60 (1952). 
12) Kennedy et al: Anal)Ch2m. 23, 1033 (1951). 
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point of each fraction are shown in Fig. 3. 


ug dpe 241-2" 
9 


5 APs 238-42 

9 
8 
@ 
6 
5 
u& 
5} 
2 
1 

7 8 9 10 12 12 13 1% 15 16 plate Ro 

Fig. 3. Relation between Amount of Dried 


Substance and Plate No. on the Countercurrent 
Distribution Method. 


3) Separation of gibberellin A,, A, and 
gibberellic acid methyl esters. 


Gibberellin A (150mg) from strain G-4 was 
dissolved in an alcohol ether mixture and treated 
with an excess of diazomethane in ether solution. 
On evaporation of the solvent, the residual 
crystal was dissolved in 20 ml. of ethyl acetate- 
benzene (1:5), and eluted with the solvent of 
the same composition, the effluent being collected 
in every 10ml. 

Gibberellin A; methyl ester: Fractions No. 
10-14 were combined and recrystallized from 
ethyl acetate-ligroin into prisms, mp. 226-8°, 
C@]5+35.1° (C=5.04% in methanol). 

Gibberellic acid methyl ester: Fractions No. 
16-20 were combined (15mg) and after repeated 
recrystallization, a crystal of mp. 200-2° in fine 
needles, was obtained, [@}3+67.0° (C=5.38% 
in methanol). 

Gibberellin A, methyl ester: At this point, the 
solvent composition was changed to 1:1 and 
elution was continued. Fractions No. 23-28 
(40mg) were crystallized from the hot ethyl 
acetate into plates, mp. 190-2°, shrinking at 
165-70°, [a]p+28.1° (C=3.33% in methanol). 


4) Ratio of the three components 
for different strains. 
The crystal and mother liquor after recrystalli- 
zation of gibberellin A from the culture media 
of strains No.4 and G-4 were esterified with 
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diazomethane and three esters were separated by 
the chromatography of Al,O3, and their ratio was 
calculated. The result is shown in Table III. 


5) Partition chromatography of 
gibberellin A. 
a) Preliminary test. 

As the preliminary test, gibberellin A (15 mg) 
and silisic acid (5 g) treated with pH. 4.8, 5.0, 
5.2, 5.4 buffers (3.5 ml.) and solvent systems of 
benzene-butanol (95:5), benzene-ethyl acetate 
(50:50), CHCl,-butanol (95:5), CHCl,-ethyl 
acetate (50:50) were used. Every 5 ml. of the 
effluent was collected and titrated wtth N/100 
alcoholic NaOH. The curve of ml. of effluent 
and ml. of N/100 NaOH required, showed one 
peak and one shoulder when the system of CHCl,- 
ethyl acetate and a pH. 5.2 phosphate buffer was 
used. 

b) Large scale experiments. 

A. sample of 175mg was dissolved in CHCI,- 
ethyl acetate (50:50) 50ml. The solution was 
developed on the 30 silisic acid treated with 
25ml. of pH. 5.2 phosphate buffer. Elution 
was continued with the same solvent composition. 
Every 20 ml. of effluent was collected and dried 
in vacuo. Relation between the amount of dried 
substance in each fraction and the fraction No. 
are shown in Fig. 4. 


T2 13,14 15 16 17 18 19 20 21 fraction No. 


Fig. 4. Relation between Amount of Dried 
Substance and Fraction No. on the Partition 
Chromatography. 


14 and 
were methylated with 


Fractions No. 12-3, Fraction No. 
Fractions No. 18-21 
diazomethane and the esters thus obtained, were 
chromatogramed on Al,O, to separate the gib- 
berellin A, and A, methyl esters. 

Ratio of A, and A, obtained: 


Biochemical: Studics on ‘‘ Bakanae” Fungus 


A,: A, 
Hractsm 2 =e dace 
Fract. 14 6:4 
Fracts. 18-22 6:4 


6) Separation of Gibberellin A, by Bromina- 
tion of a Gibberellin A Mixture. 


A gibberellin A mixture was dissolved in 20 
ml. of dioxan-ether (1:1). Ether solution of 
bromine (0.034g bromine/ml.) was added at 
—3°~—8° for thirty minutes. Additional shaking 
for two hours was continued at 0°~—5°. The 
colour of the solution was light brown. About 30 
ml. of ether was added and the ether solution was 
extracted with aq. NaHCO; which was acidified 
and reextracted with ethyl acetate. On evapora- 
tion of the solvent, the syrup (320mg) was 
obtained, The partition chromatography through 
silica gel, pretreated with a pH. 5.2 buffer was 
carried out in preparing the crystal from the 
syrup using a solvent of butanol-benzene (3 : 97). 
A crystal (30 mg) positive to the Beilstein test 
was obtained at this solvent composition. By- 
pyramidal obtained on recrystallization from ethyl 
acetate-ligroin melted at 215-7° with decom- 
position, pKa 4.3. 

Anal. Hound 2) 1@.053.0 01) Hy 5.96 braliseoor 
Caled. for C,,H,,0,Br: CG, 53.40; H, 5.39; 
Br, 18.74. for C,H,;O.Br: C, 53.123 HA, 
Pteeip Jae, IseeKey. 

When the butanol-benzene (10:90) was used 
as the developing solvent, a crystal negative to 
the Beilstein test was eluted. On recrystalization 
from ethyl acetate-ligroin, a crystal of fine needles 
was obtained, dp. 235-7°, pKa 5.37, Calip+ 
11.7° (C=3.16% in methanol). 

This is the gibberellin Aj, the ester of which 
is identical with gibberellin A, methyl ester 
obtained from the chromatography of ester of 
gibberellin A mixture, in all respects, the analytical 
data, mp. and infra-red spectra. 


7) Hydrolysis of gibberellin A, methyl ester. 


a) Acid hydrolysis. 

Gibberellin A, methyl ester (150 mg) was boiled 
with 10 ml. of H,SO, (1:5) for one hours. The 
reaction mixture was extracted with ether con- 
tinuously and the ether layer was reextracted with 
aq. NaHCO;. The aq. layer was then acidified 
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and extracted with ether for two days. On 
evaporating the ether, the residual crystal amount- 
edto 130mg. By recrystallization, a large amount 
of plates, dp. 247-9°, and a small amount of 
needles, dp. 255-7°, were obtained. The sub- 
stance of dp. 247-9° was found to be gibberel- 
lin G from the mixed melting point and analy- 
tical data. 

Anal. Found: C, 62.26; H, 6.98. 
foriG@igllscO7:) (G,.62.285 Hoe7 15: 
The amount of the crystal of dp. 255-7° was 

too small to be analysed. 

b) Alkali hydrolysis. 

i) N/500 HaOH. 

Gibberellin A, methyl ester (150mg) was shaken 
with N/500 NaOH (200ml1.) for 4 hours at 25°. 
All crystals were gradually dissolved. The solu- 
tion was extracted with ethyl acetate at pH 7.5— 
8.0. On evaporation of the solvent, a crystal 
(130mg) remained. This was an original sub- 
stance, mp. 224—5°. 

ii) N/100 NaOH. 

Gibberellin A, methyl ester (150mg) was added 
to the N/100 NaOH (100ml.). For two days, 
at a temperature of 30°, all crystals were dis- 
solved, and the solution was extracted with ethyl 
acetate at pH 8.0 and next pH 2.0. The 
acidic fraction was a syrup (130mg) which was 
subjected to the partition chromatography of 
silica gel using the solvent of butanol-benzene 
(9)5): 
amount of yellow syrup was eluted. Elution was 
continuted with the solvent of butanol-bezene 
(10:90). At this ‘stage, 35 mg of crystal was 
eluted and recrystallization from alcohol-ethyl 


Calcd. 


In this solvent composition, a small 


acetate-ligroin gave prisms, dp. 232-5°, Ca}S+ 
42.3° (C=3.26 in methanol), pKa 4.9. 

The ester of this crystal had dp. 232-4° and 
its infra-red spectrum was quite similar to that of 
gibberellin A; methyl ester. The mixed melting 
point of these two crystals indicated no depres- 
sion. After this crystal was eluted, the solvent 
was changed to CHC],-butanol (80 : 20). Another 
crystal (60mg) was eluted and recrystallized from 
ethyl acetate-alcohol-ligroin into prisms, dp. 225— 
7°sCals+33.7° (C=3.86 in methanol). 

Anal. Found: C, 65.62; H, 7.18. Calcd. for 

Cyo9H40g: C, 65.50; H, 6.94. 

This acid was named pseudogibberellin A, 
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which was considered to be an epimer of gib- 
berellin A, having the same formula. 

Pseudogibberellin A, methyl ester was obtained 
by the reaction of diazomethane and melted at 
ES 25 3e 
Anal. Found: GC, 66.41; H, 6.97. Calcd. for 

Cpkls6On= ~C, 66.28 3 Hy 7223: 

On the catalytic reduction of pseudogibberellin 
A, with PtO,, one mole of hydrogen was absorbed, 
resulting dihydropseudogibberellin A,, dp. 290°. 
Anal. Found: C, 65.12; H, 7.13. Calcd. for 

CigHz.O5: C, 65.12; H, 7.48. 

The same result was obtained in the hydrolysis 
of gibberellin A, methyl ester by N/10 and N/ 
50 NaOH. 


8) Hydrolysis of gibberellin A, methyl ester. 


a) Acid Hydrolysis. 

Gibberellin A, methyl ester (300 mg) and HCl 
(1:3, 70 ml.) were refluxed for two hours. The 
reaction mixture was extracted with ethyl acetate. 
This extract was treated with aq. NaHCO ; and 
the aq. layer was acidified and reextracted with 
The residue obtained by evapora- 
This 
acidic fraction was subjected to the partition 
chromatogaphy of silica gel treated with a pH 
5.2 buffer and solvent of butanol-benzene (5 : 95), 
and elution was continued. At this stage, 5 mg 
of crystal was eluted and recrystallized in needles, 
dp. 254-5°. 
too small to be analysed. When the elution was 


ethyl acetate. 
tion of the solvent weighed was 70 mg. 


The amount of this crystal was 


continued with the solvent of butanol-benzene 
(10:90), 20 mg of crystal was obtained. 
recrystallized from ethyl acetate-ligroin in prisms, 
dp. 292-4°, mol. wt. 376 by Rast. 

Anal. Found: C, 65.26; H, 7.65. Calcd. for 

CypH2gDg: C, 65.14; H, 7.48. 

b) Alkali Hydrolysis. 

Gibberellin A, methyl ester (110mg) was shaken 
with N/10 NaOH (20 ml.) for ten days at 30°. 
After the extraction with ether at pH 7.5—-8.0 and 
then 3.0, the acidic fraction (95 mg) recrystallized 
from alcohol-ligroin in needles, dp. 238-40°. 
Anal. Found: C, 64.40; H. 7.33. Calcd. for 

CisH220,: C, 64.64; H, 6.63. 


Methyl ester of this acid was different from 


Tt was 


gibberellin A, methyl ester in respects of solu- 
bility to ethyl acetate and its melting point. 
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Some different results from previous reports on acid degradation and catalytic 
reduction studies of the three components were obtained. From gibberellin A, only 
gibberellin CG and no gibberic acid were obtained. From gibberellic acid (namely 
gibberellin X and A) only gibberic acid and no gibberellin C were obtained. In 
addition to this, some experimental results of gibberellin A on animal tissues were 


also, presented. 


In part 34 it has been reported that 
gibberellin A was a mixture of three 
components, ie. gibberellin A,;, A, and 
gibberellic acid. For the latter, the name 
gibberellin X was proposed by Stodola 
and also named gibberellin A; by the 
authors. But however, as it seems that 
the name gibberellic acid was first pro- 
posed to this substance, in the literature 
by Curtis et al?), the authors have ac- 
cepted this name. 

In the previous papers? it was report- 
ed that acid degradation of gibberellin 
A, gave gibberellin C and gibberic acid 
at the same time, and the catalytic reduc- 
tion of gibberellin A dihydrogibberellin 
A and hexahydrogibberellin A were ob- 
tained. As we were able to separate 
gibberellin A into three components, gib- 
berellin A,, A;, and gibberellic acid, a 
reexamination of these reactions was 
undertaken whence different results from 
those previously reported were obtained. 

OY ee H. Stodola et al: Arch. Bioch., 54, 240 (1955). 

2) Curtis, B. E. Cross: Chem. and Ind., 1954, 1066. 

3) T. Yabuta, Y. Sumiki, K. Aso, T. Tamura, H. Igarashi, 
K. Tamari: J. Agr. Chem. Soc. Japan, 17, 721 (1941). 


4) T. Yabuta, Y.: Sumiki, K. Aso, T. Tamura, H. Igara- 
shi, K. Tamari: tbid., 17, 975, (1941). 


By acid treatment, nothing but gib- 
berellin C could be obtained from gib- 
berellin A, while only gibberic acid 
methyl ester and no gibberellin C were 
obtained from gibberellic acid methyl 
ester. 

By catalytic reduction, gibberellin A; 
methyl ester absorbed one mole of hy- 
drogen, giving a dihydrogibberellin A, 
methyl ester, while gibberellic acid methyl 
ester absorbed two moles of hydrogen, 
giving a tetrahydro-derivative as an oily 
substance. Hexahydro-derivative was not 
isolated at all through these experiments. 

Owing to the incapability of obtaining 
the same sample as the one used in pre- 
vious experiments at present, there is no 
way to determine whether the former 
sample was a mixture of several com- 
ponents or not. From the fact that the 
acid degradation of the former gibberel- 
lin A gave gibberellin C, gibberellin B 
and gibberic acid, it may probably be 
concluded that the former gibberellin A 
is at least a mixture of gibberellin A; and 
gibberellic acid. But there some doubt 
remains that the former gibberellin A 
may not be a mixture but a substance 
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Corrected relation 
Gibberellin A, 


\ 


Gibberellin A, 
N\ 
Fig. 1. 


entirely different from each of the gib- 
berellins, A,, Ag and gibberellic acid aris- 
ing from the previous observation that 
the melting point of the old gibberellin 
A, 245°, was found to be higher than 
that of the other three components, 232- 
237°, and evolution of carbon dioxide 
could not be observed in the reaction of 
the old gibberellin A to gibberic acid, 
although evolution of one mole of carbon 
dioxide in the process of gibberellic acid 
to gibberic acid, was noticed by Cross). 

Therefore, a correction of the relation 
between each gibberellin on acid degra- 
dation is necessary and this is summerized 
in Fig. 1. 

Concerning the physiological action of 
gibberellins upon animal tissues, tested by 
the tissue culture of a heart of chick 
embryo, no distinct result was obtained 
such as that previously reported®. In 
order to ascertain this result, the con- 
centration of gibberellin A was spread to 
some extent and reexamined. For this 
purpose, a crystal of gibberellin A, dp. 
240-2°, was used to clarify the general 
physiological action on animal tissues, 
from a point of view that gibberellin A 
is a better source than each of the separat- 
ed gibberellins, A;, A, and A;. But by 
means of the injection method to chick 
embryo applied intravenously not any 
physiological activity was observed such 
as is illustrated in the following Tables. 

5) B.E. Cross: J. Chem. Soc., 1954, 4670. 


6) TT. Yabuta, Y. Sumiki: J. Agr. Chem. Soc. Japan, 18, 
207 (1942). 
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Relation in previous reports 


—> Gibberellin C 
Gibberellic acid > Gibberellin B — 
| 


Gibberic acid 


Gibberellin A 


> crystal of dp. 292-5° 


crystal of dp. 255-7° 
Relation between each Gibberellin on Acid Degradation. 


Experimental 
Acid degradation. 
Gibberellin A, 

Gibberellin A, (110 mg) was boiled with 200 
ml. of H,SO,aq (1:5) for 30 minutes. 
After extract- 
ing the mother liquor with ether, it gave a small 


On co- 
oling the crystal was precipitated. 
amount of crude crystal. Combining the pre- 
cipitates and recrystallizing them from ethanol- 
252-3° (85mg). 
The depression was not observed in a mixed 


water, yielded prisms, dp. 


melting point with gibberellin C. In the paper 
chromatography of NHy,-salts of gibberic acid 
and gibberellin C using NH,OH-butanol as the 
solvent, gibberic acid and gibberellin C gave 
different Rw values, which were 0.75 and 0.5 
respectively. This method was applied to the 
crystal and the mother liquor obtained in acid 
treatment but the spot of gibberic acid could not 
be noticed. 
Gibberellic acid methyl ester 

Gibberellic acid methyl ester (100mg) was re- 
fluxed with H,SO, aq (1:5) for one hour. The 
ether extract at pH 8 gave a crystal (80 mg). 
Fine needles were obtained by recrystallization, 
mp. 114°. 
parison of the U. V. spectra, it was confirmed that 
this crystal is identical with gibberic acid methyl 


By the mixed melting point and com- 


ester. 


Catalytic reduction. 
Gibberellin A, methyl ester 

Gibberellin A, methyl ester was dissolved in 
10 ml. of methanol and reduced in hydrogen 
atmosphere with Adams’ catalyser. Hydrogen, 
10.5 ml. (ca. one mole), was absorbed for 30 
minutes. On evaporation of the solvent, the 
residue was recrystallized into needles, mp. 234- 


Or 
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Table I 
No. of individuals Days 

(chick embryos) 1 ie 14 15 16 1 1s I Bo 41 
1 UO AOE OCR OB e DG cbciic coach dana cn acon CoC C oot on uo Ricib died 
2 li gai nels Pade eee or naabr GG Saar hema ytts Suc, veoun ee killed 
3 Loe t etree eee L O.1e.c.: ++ eee dead-in-shell 
4 Govt een ee reece eens [ott tee eee e ee eee eens hatched 
7 5 he ey SN ee A ine oe ates hah ok oe te ae ead 
6 {| Beveeeas ne A) Ire SO hatched 
of Lotte esses Jcteteeeee Wee om oma Melee eatevelsad aterers sheaole hatched 
8 db San eciso occ USS eacuon Ab Ain coat One Savarese tees eatet Aas killed 
9 en cc ante. Anenee: (RU REM eete cee eee killed 
10 Al) Geom tice Yee eee eee Se eee eee ee ee killed 
11 \easeesicere sere AR Rares read ich a ee tera Ah aie COE died 
2 NROVOSciey ee VO Mckee SO Ose teree ate tae Ta terere tenes killed 
13 otet ete eeee Sanco oro e Lotter ete net eens hatched 
14 ree. tee digi oe dee ht hoe che tid Ae hatched 
15 Lovett sees cteteeees Lovett ete teen eee eens hatched 

B 16 
17 Us a RSE cise © Leh oat et nc = steers Reha killed 
18 Loree tte Ay SEIS ONS oho -cli NIG apiece Sc coco ibn a plooiio mi at killed 
19 MAR Re ec Aten eRe ese On «SP ane Leta ica 
20 Utah ae ss ea oes ear Re Ee RI A died 
21 LO.O05C.c. eet ee tte eee eee teen eee killed 
29 Ns Wirtion IE Oo AD AO RS Arp Cth Reese os keliled 
23 AOR. Res state 5 ere ee UP ete, cake coo sane cen sa: hatched 
24 hi Rick eao hia, MO. Leieaeha, ies ecgiaet> Gee dee aan ake balled 
a 25 ra ict Uetaaee SSS Won? a eters ai ote net iaa er cee hatched 
26 se unci tourna ches Rea eres ett eee eee es hatched 
27 lps Caphecuet irate toe Wrens Pazar sericey Nahe Ape ea Idlled 
28 ye ee (eaceineng: ) Se seriors spec maee SSR Rae killed 
DOV. eet Ol eal s (ae Cran Lacs Spo ee ere cs OMe ves died 
30 eerie an: Ae 2 ry gross ree eae RS OSU ved 
31 L0.05c.c.:2+:52+++-+ee NEC iets cio Onion sin Some dal on killed 
32 Lee eee ee ete eee ees QUITS onto ytinnn wl sh (eter st=ee\etaliatal =}'oays tele ote killed 
Che A Sip oia wigs Dios Ose IIo Oc Lotte teen eee e ees dead-in-shell 
34 NTR SEE Sale Y0.1e8e Ueda halled 
D Sir a SeNee (PTA) cm. Metter ue 3 omnes Mite apni Bie salah h ienael ese ieS hie: opt olelerwe hatched 
36 Liters teense 4 2a. vi See [os See bee edn eee ee eas hatched 
7 Lotter eens i (Se oor A DID os OO os ODOC 300-0 hatched 
38 prs e eens Jrcteeeeees i POO COU UMUUN iL anono dso ORoGOoL 6 died 
39 Joscssereee tt iat sikh x hoi wa thes Oko oatas fe Moora ey ge Koa o oi died 
((Division A: gibberellin A 0.1% solution, B: 7 0.001% solution, C: 5 0.00001% solution, 


D: control (distilled water) 4: intravenous injection)). 
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No. of individuals 


Table II 


Weight of individuals 
24¢ 
18 
23 
WZ 
24 


PAS) 
ao 
28} 


P| 
73M | 
27 
27 
24 


26 
25 
20 
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Gibberellic acid methyl ester 

Gibberellic acid methyl ester (70mg) was 
reduced in the same manner as gibberellin A; 
methyl ester. Hydrogen, 9.8 ml. (ca. 2 moles) 
was absorbed for 30 minutes. The residual 
syrup obtained in evaporation of the solvent, 
could not be crystallized by adsorption chroma- 
tography of Al,O, with the use of an ethyl 
acetate-benzene (1:2) solvent. 
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On Implication of Cobalt-Porphyrin-Derivative in Biosynthesis of Vitamin B,» 


By Yoshikazu SaHAsui, Toshio MutTo* and Shuji Asal. 


Biochemical Laboratory, Tokyo University of Agriculture 
Received October 31, 1955 


In Part X, the authors published studies on vitamin B,,-like activity of cobalt- 
porphyrin-derivative prepared from radish-leaves, and the physiological significance of 
the compound as an active component in the intermediary metabolism of vitamin By: 
was described. Afterward, pure chlorophyll a and b were isolated by column 
chromatography and the vitamin By-like activities of Co-porphyrin a and b were 


repeatedly confirmed. 


Recently, effect of Co-porphyrin on the biosynthesis of real vitamin By, has been 
tested and the confirmation was also successfully completed by bioautography and 


paper electrophoresis. 


In the present communication, it is discussed as of special importance that 


cobalt-porphyrin may be the active principle for the formation in vivo of vitamin 


By. 


In 19541), the authors found vitamin By- 
like activity of cobalt-porphyrin-deriva- 
tive obtained from chlorophyll and the 
physiological role of the compound as one 
of the active components in the interme- 
diary metabolism of vitamin Big was 
reported at Japan Vitamin Society, Tokyo 
meeting, Sept. 18, 1954. In part X of this 
series of papers?), after repeated experi- 
ments, the alkali- and thermo-stable 
substance which has the vitamin Byp-like 
activity in plant kingdom was revealed 
to be a kind of cobalt-porphyrin-complex 
compound by paper partition chromato- 
graphy and bioautography, and culture 
studies on Euglena gracilis and Lactbacillus 
leichmannit with cobalt-porphyrin-deriva- 
tive prepared from radish-leaves were 
always successful with vitamin By,.-free 

* Faculty of Agriculture, Tokyo University of Education. 

1) Y. Sahashi and T. Muto, Japan Vitamin Soc., Tokyo 
Meeting, 18th, Sept. (1954); Vitamins 7, 985 (1954). 

Y. Sahashi and T. Muto, Proc. Vitamin B Res. Comm. 


(Japan) 19th Sept. (1954); Vitamins 7, 993 (1954). 
2) T. Muto. and Y. Sahashi, This Bulletin, 19 129 (1955). 


basal medium when supplemented with 
synthetic 1,2-diamino-4,5-dimethylbenzene 
or 5,6-dimethylbenzimidazole. 

(1) Further confirmation was obtained 
by several intensitive experiments with 
cobalt-porphyrin-derivatives prepared 
from pure chlorophyll a and b. Freshly 
prepared chlorophyll a and b were con- 
verted to cobalt-porphyrin-derivative by 
treating with CoCl, in methanol. The 
purity of the compound thus obtained 
was tested by spectrography and paper 
electrophoresis, and assayed by ordinary 
Euglena method. The results were always 
positive}), 

(2) Moreover, the formation of vitamin 
By with cobalt-porphyrin-derivative pre- 
pared in the above experiment was tested 
by culture of Euglena gracilis strains 
(chlorophyll free) in vitamin B,,-free basal 
medium. Cobalt-porphyrin-derivative sup- 
plemented with 5,6-dimethylbenzimidazole 


3) Y. Sahashi and T. Muto, Japan Vitamin Soc., Tokyo 
Meeting, 17th Sept. (1955); Vitamins 9, 361 (1955). 
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indicated the 1narked increase of both 
vitamin B,, in Euglena strains and in cul- 
ture. Vitamin B,, thus prepared was 
repeatedly studied by bioautography and 
paper electrophoresis, and the appearance 
a fair quantity of vitamin B,, was always 
seen in both the strain and the broth by 
the nonvitamin B,,-producing microbes— 
Euglena gracilis in vitamin By,.-free 
medium. 

(3) From these findings the authors 
have been inclined to propose that cobalt- 
porphyrin-derivative may be one of the 
active components in the intermediary 


metabolism of vitamin By, in these 
organisms (Fig. 1). 
CH3 
CH=CHe 
SSH ' 
eS: 
CH2CH3 


{ +CoCle 
Co-Porphyrin-Derivative 
| +5,6-Dimethyl-benzimidazole 
Vitamin By2-like Active Compound 


Fig. 1. The Close-Implication of Cobalt-Por- 
phyrin-Derivative for the Biosynthesis of Vitamin 
By. (Sahashi and Muto) 


(4) Recently, Smith» and Brink® publi- 
shed that they established the chemical 
structure of vitamin B,,, and that the By, 
molecule may include a central part 


4) Y. Sahashi and T. Muto, Proc. Vitamin B Res. Comm. 
(Japan) 4th May (1955); Vitamins 8, 518 (1955). 
Y. Sahashiand T. Muto, Japan Vitamin Soc., 
Meeing, 6th May (1955); Vitamins 8, 501 (1955). 
Y. Sahashi and T. Muto, Proc. Vitamin B Res. Comm. 
(Japan) 30th July (1955); Vitamins 9, 167 (1955). 
5) E.L. Smith, Biochem. J. 59, (No. 4) xxvii (1955); 
Chem. Eng. News 33, 3487 (1955). 
6) Clara Brink, J. Lindsey, J. G. White, J. Pickworth and 
D.G. Hodgkin, Nature 174, 1169 (1954). 
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composed of four reduced and _ heavily 
substituted pyrrole rings surrounding a 
single cobalt atom (Fig. 2). 


CH2CH2 C0 NHa 
CH3CH3 CH2CON Ho 


H2N COCH 
HC CH2CH2C0 NH2 
H.C 
HeNCOCH Gols 
CH3 
CO CHSCH2CH3\ CH3 CHaCH2CONH2 


HOH,C \Q 
Fig. 2. The By. Molecule (Smith and Brink) 


(5) Of special interest seems to be the 
close implication of cobalt-porphyrin- 
derivative in the biosynthesis of vitamin 


Biz as shown in the following scheme: 


Experimental 
Preparation of Chlorophyll a and b 


Pure chlorophyll a and b were prepared from 
radish-leaves with the ordinary column chromato- 
graphy by Gattermann-Wieland’) and Winterstein- 
Stein®) methods through a column (2cm in diameter, 
34 cm in length) consisting of 13.5 cm saccharose 
powder (drying lhr at 60-80°C with hot air), 
4.5 cm calcium carbonate (drying I hr at 150°C) 
and 8.5 cm active alumina (drying | hr at 150°C) 
with petroleum-ether: benzene (4:1) as mobile 
phase, as shown in the following table (Table I). 


7) L. Gattermann and H. Wieland, Prax. Org. Chemikers, 
27, 405 (1940). 

8) A. Winterstein and G. Stein, Z. physiol Chem., 220, 
263 (1934). 


ee 
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Table I 


Preparation of Chlorophyll a and b from Radish-leaves. 


Air-dried Radish-leaves (300 g) 


extracted with 2.61 of Petroleumether : benzene : methanol (9:1: 3) 


washed with 1.61 of redistilled water 


‘Dark green petroleumether, 
benzene Layer 


dried over anhydrous Na,SO, and purified 


through column chromatography 


PN Se 
Chlorophyll a 
Chlorophyll b 


Cobalt-Porphyrin-Derivatives from 
Chlorophyll a and b 


Freshly prepared chlorophyll a, 588.1 mg was 
tested with 500 mg of CoCl,-7H,O in 25 ml. of 
methanol at 70°C and after 2 hrs methanol was 
removed. The bluish-green product was resolv- 
ed in 75 ml. of ether and subsequently repeated 
by washing water until no colouration of Co-ion 
was observed in the aqueous portion for nitroso- 
R salt. To the etherial solution thus obtained 
was added 152 methanolic NaOH solution and 
adjusted to pH 8. After 72 hrs at 0°C, the re- 
of black-green Co-porphyrin- 
derivative(a) separated out in crystalline state, 


quired Na salt 


yielding 216.9 mg. 

From 322 mg of chlorophyll b, Na salt of Co- 
porphyrin-derivative(b) was also prepared with the 
same method mentioned above, yielding 110.7 mg. 

Analysis of Cobalt Atom in Co-Porphyrin a and b : 
216.9 mg Na salt of Co-porphyrin a gave 19.1mg 

Co, 5.4% Co 
110.7 mg Na salt of Co-porphyrin b gave 10.5 mg 

Co, 5.726 Co 

Absorption Spectra of Co-Porphyrin a and b: 


Reference?) 
a 385,410, 430, 385,410, 432, 
Chioreshull 507, 667 507,577,623,663, 
orophy™) b 415, 465, 540, 428, 456, 550 
610, 660 600, 644, 


9) R. Willstatter and M. Lsler, Ann. Chem: 390, 269 
(1912). 


Water, methanol Layer 


Na Salts of [# 410> 420, 510, 600, 650, 
Co-Porphy 4b 425, 510, 600, 640, = 
a (10 mg/100 ml. Ethanol) (Benzene) 


Paper Electrophoresis: Toyo (No. 50) filter 
papers, 2x30cm, were previously treated with 
phosphate buffer solution, 1/20 M bisodiumphos- 
phate: 1/20M acidic potassiumphosphate (16: 1) 
(pH 7.8) and dried at room temperature. The 
samples, 0.1 ml., was dropped on the center line 
of the papers. Electrophoretic analysis was per- 
formed at 3.5 mA, 250 V in direct current (23- 
26°C) in the phosphate buffer solution. After 
4hrs the papers were dried by airing and cut 
out in five lcm parts. Then vitamin B,. of each 
part was tested by the ordinary Exglena method 
with B,-free medium supplemented with 6 mg/1 
of 5,6-dimethylbenzimidazole. The result was as 
shown in Fig. 3. 


0.5 
B04 
a03 
8 0.2 
ya Wal 
Pauetp 
bo treo te th Cela a eee eC C MH) 
- Co-Porphyrin (a+b) [Na] 
—-- Co-Porphyrin a [Na] 
.... Co-Porphyrin b [NaJ 
(0.21 +/Spot) 
Fig. 3. Paper Electrophoresis of Cobalt-Por- 


phyrin-Derivatives a and b from Chlorophyll. 
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Table If 
Effect of Na Salts of Co-Porphyrin-Derivatives from Chlorophyll a and b 
on the Growth of Euglena. 


Group pore. hyrin pore hyrin Vee ane By CoSO, Bet 
(DBI) after 144 hrs 
a 21mg/l| — mg/l 3 mg/1 — 7/1 — mg/l 0.520 
b — 21 3 = 0.565 
By _ — — 0.1 5 0.495 
DBI — == 3 5 0.160 


None 


Oo 


0.140 


From the above results, Co-porphyrins a and b 
appeared in the same position at 0-1 cm from the 
starting line towards the cathode. 


Bioassay of Cobalt-Porphyrin-Derivatives a 
and b 

The effects of Na salt of Co-porphyrin a and b 
on Euglena growth were studied by Co-free basal 
medium as mentioned above) and after culturing 
144 hrs at 30°C the growth effect of these com- 
pounds on Euglena (chlorophyll free) was deter- 
mined by optical density using a photometer. 


0.6 r 


Optical Density 
oe eG.) £O 
ies) & On 


S 


i=) 
— 


J. Co-Porphyrin a+D.B.1. 
II. Co-Porphytin b+D.B.I. 
Ill. Byz+CoSOs 
IV. D.B.I.+CoSO4 
V. none 


Fig. 4. Effect of Cobalt-Porphyrin-Derivatives 
a and b from Chlorophyll on the Growth in 
Euglena. 


10) T. Muto and Y. Sahashi, This Bulletin 19, 133 (1955). 


The vitamin B,,-like activity of Co-porphyrins a 
and b was recognized at the equal response in the 
case of the supplement with 5,6-dimethylbenzi- 
midazole or 4,5-dimethylphenylenediamine-(1,2) 
as shown in Table II, Fig. 4. 


Effect of Cobalt-Porphyrin-Derivatives for 
Formation of Vitamin B,, by Euglena Strains 


Preparation of Euglena Strains : 

Euglena gracilis was transplanted in the liquid 
medium from the stock culture agar medium. 
Ten ml. of its culture solution was added to 90 ml. 
of By-free Euglena basal 
4.2 mg of Co-porphyrin-derivative and 0.6 mg of 
5,6-dimethylbenzimidazole. The 
obtained was divided to 10 ml. each in five test 
tubes, and each was kept at 30°C in the ordinary 
way. After 72 hours culture, Euglena strains 
were centrifuged (3000 r/min., 10 min.) from the 
broth, and washed. 3 times with sterilized water 
and transported into three large flasks containing 
300 ml. of the Bys-free basal medium mentioned 
above. Again, after 72 hours culture, Euglena 
cells were completely sedimented the broth by 
centrifuging and washing with sterilized water. 
To the separated cells was added 10 ml. of redis- 
tilled water and adjusted to pH 3.0 with 0.1N 
HCl. 

Euglena cells thus obtained was treated with 
autoclave for 5 min. at 120°C and the residual 
mass was removed from the solution by centrifuge. 
The vitamin B,.-containing filtrate was adjusted 
to pH 1.0 with conc. HCl and the greenish 
precipitates was removed completely by centrifuge, 
or by extraction with ether. The excess of Co-por- 
phyrin-derivative was again perfectly sedimented 
free from the vitamin B,:-containing preparation. 


medium containing 


medium thus 
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Table II 


Increase of Euglena in the Vitamin B,,-free Medium supplemented with Co-Porphyrin- 


Derivative and 5,6-Dimethylbenzimidazole (DBI). 


Exp. treated with 0.01 my/ 
ml. Vitamin By», 


Amount of Euglena cells in the 


Exp. treated with 
42 mg/| Co-porphyrin and 
6 Bal DBI 


medium used at the beginning 4.69 mg/l 4.69 mg/1 

of Exp. 
Amount of Euglena cells in the 

medium obtained at the end 427.00 » 264.00 » 

of Exp. 

: . my/ml my/ml. 

or eae ce an tne medium 0.0555 0.0014 (cells) 

ame anes ee ene Or TAP: (medium) 0.0230 » (medium) 
Content of V. By in the 11 of my/I. my/1 

the medium obtained at the 29.12 0.087 (cells) 

end of Exp. (medium) 12.07. =» (medium) 


The broth free from cells was also adjusted to 
pH 6.0 and evaporated under diminished pressure 
to 1/10 volume at 40°C after purification men- 
tioned above in the case of the estimation of 
vitamin By in cells. The results were obtained 


as shown in Table III and Fig. 5. 


0.6 
I 
0.5 
I 
> 04 
2 
Vv 
A=03 
& 
6 02 


Sema 


24 «+48 + «72 «#96 «#120 Med 


I. Bye, 0.01 mr/ml (Broth) 
IJ. Co-Porphyrin, 42 mg/l+D.B.I., 6 mg/l (Broth) 
IJ. Co-Porphyrin, 42 mg/l+D.B.I., 6 mg/l (Cells) 


Fig. 5. Growth Curve of Euglena in the Vita- 
min B,.-free Medium supplemented with Co-Por- 
phyrin-Derivative and 5,6-Dimethylbenzimidazole 
(DBI). 


From the results, the increase of Euglena was 
found in the vitamin B,»-free medium by adding 
Co-porphyrin-derivative and 5,6-dimethylbenzimi- 
dazole, but the activity of Co-porphyrin was al- 


ways seen rather less in the growth of Euglena 
than in the case of the experiments with vitamin 
By. In any case, a fair quantity of vitamin By: 
was detected in Euglena cells and in the medium 
even in the vitamin B,.-free cultural experiment. 
The content of vitamin B,, in the medium was 
always seen more than in the cells. 

Further confirmation of vitamin B;, in the 
broth of Euglena was carried out by the ordinary 
bioautography after treating Euglena cells and 
the medium with enzyme and alkali’). 

Enzyme Treatment: The sample Iml. was 
dissolved in 9 ml. of redistilled water, and after 
adjusting to pH 6.0 was treated with 25 mg of 
papain and 25 mg of diastase at 37°C with the 
addition of toluene. After 48 hrs, the solution 
was heated at 100°C for 30 min., adjusted to pH 
4.8, and on cooling 0.1 ml. of 1024 metaphos- 
phoric acid was added to remove proteins. To 
the solution was again added 20 ml. of redistilled 
water, centrifuged and adjusted to pH 6.5. 

Alkali Treatments: To Iml. of the enzyme- 
treated sample thus obtained was added 8 ml. of 
1/5N NaOH and the mixture was refluxed for 
30 min. at 100°C. On cooling pH was adjusted 
to 6.0~6.5 with 102 HCl, and the solution 
was evaporated to I ml. in vacuo. 

Bioautography: Toyo No. 50 filter paper, 2x 
30 cm, was previously treated with 0.66 M acidic 
potassiumphosphate (pH 4.0) and dried by airing. 


11) K. Ueda, *‘Byz and APF’ (Nankodo) 1955, p. 41 


— 286 — 


Vol. 19, No. 4, 1955] 


0.1 ml. of the sample purified by enzyme and alkali 
treatments was spotted on the original line and 
vitamin B,. was tested by the one-dimensional 
ascending paper chromatography (n-butanol : acetic 
acid: water=4:1:2 as mobile phase). 

The paper was dried by airing and divided 
into 20 strips of I1cm each in length. Each 
strip was taken in the test tube and vitamin By» 
was tesied respectively by ordinary Euglena 
method. The control experiment was performed 
with 0.01 ml. per spot of the standard vitamin 


By solution (10 my/ml.), Fig. 6, 7. 
0.9 


0.8 
0.'7 


Optical Density 
ome) 
oo 


oO Oo 
Mw A 
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Paper Electrophoresis : 


tensive studies on the above bioautogram was 


Moreover, further in- 


successively made by paper electrophoresis of the 
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samples treated with enzyme and alkali as describ- 
ed above. 
From the above experiments, it seems to be 


The results are shown in Fig. 8-11. 
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confirmed that real vitamin B,,; may be produced 
by Euglena in the vitamin B,-free medium. 


Summary 


(1) In the present paper, further con- 
firmation was obtained by repeated in- 
tensive experiments with Co-porphyrin- 
derivatives freshly prepared from pure 
chlorophyll a and b by the column 
chromatographic method of Gattermann 
and Wieland. The effect on Euglena 


(Bull. Agr. Chem: Soc. 


(chlorophyll free) was always revealed to 
be positive. 

(2) Moreover, vitamin B,,-mass pro- 
ducing experiments with Co-porphyrin- 
derivative and 5,6-dimethylbenzimidazole 
was attempted. by Euglena gracilis strains 
in B,.-free basal medium, and vitamin B,, 
was isolated from both cells and broth by 
paper electrophoresis. The increase of a 
fair quantity of total vitamin B,, was 
always seen in the cells and the broth of 
control strains. 

(3) Therefore, the authors are inclined 
to propose the close implication of cobalt- 
porphyrin-derivative in the biosynthesis 
of vitamin B,, by Euglena. 
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One of the authors M. Yamada found 
that Rothera’s reaction for acetone, ethyl 
acetoacetate, etc.) was applicable for 
other ketones in fermentation products 
and that the reaction could distinguish 
pyruvic acid from other ketones (per- 
manganate color) by giving a deep blue 
color.2) 

H. Caron and D. Raquet applied the 
same reaction for estimation of lactic 
acid from which pyruvic acid was pro- 
duced by oxidation with potassium 
permanganate.>) 

Now, we have examined this reaction 


1) A.C.H. Rothera; Journ. Physiol. 37, 491-4, 1908, 
Chem. Zenth. 1, 402, 1909. 

2) M. Yamada: Analysis for Brewers (in Japanese) p. 143- 
145, 1936 ; p.135-137 in the new edition. 

3) H. Caronand D. Raquet: J. Pharm. Chim. (9) 2, 333- 


more precisely. The procedure of this 
reaction is as follows. 

Place 5 cc. of aqueous solution of sample 
in a test tube. After saturation with 
ammonium sulfate, add 1 or 2 drops of 
5% sodium nitroprusside solution and | 
or 2 drops of concentrated ammonia 
solution. 

Now we have found that only hexame- 
thylene diamine is suitable for detection 
in the place of ammonia while other 
amines such as _ pyridine, piperidine, 
aniline, hydroxylamine and methylamine 
are not. It is possible to replace am- 
monium sulfate by sodium, potassium or 
ammonium chloride, but the sharpness 
of reaction is inferior to that with sulfate. 

The following were detected by 
Rothera’s reaction: 


5, 1942. 

Bi fones \ Reagents rete NE RT eR ETE R P00 lonehecnVE LT Dap: 
Acetone violet 50r violet 50r 
Pyruvic acid blue 100 blue 50 
Levulinic acid violet 100 violet 100 
Ethyl acetoacetate orange 100 orange 50 
Diacetone alcohol violet 1000 reddish orange 1000 
Methyl ethyl ketone violet 100 red 1000 
Acetophenone blue 200 blue 1000 
Acetoin violet orange 
Acetaldehyde yellow violet 
Diacetyl reddish purple orange 
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